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BrLLETijf  No.  174. — The  Control  or  Peach  Brown-Rot  and  Scab. 

Plate  I.  Peaches  affected  with  brown-rot,  showing  the  destructive 

work  of  the  disease  and  the  rotten,  moldy  appearance  of 

the  fruit Frontispiece 

II.  Two  crates  of  Elberta  peaches  piclved  from  the  experimental 

plats  at  Fort  Valley,  Ga.,  on  July  9,  1909,  shipped  by  re- 
frigerator car  to  New  York,  and  then  by  express  to  Wash- 
ington, D.  C,  showing  the  difference  in  the  amount  of 
brown-rot  developed 2% 

III.  Peach  scab.  Fig.  1. — ^Two  unsprayed  Elberta  peaches 
affected  with  scab,  showing  the  black  spots  and  cracks 
produced  by  the  disease.  Fig.  2. — Crop  from  au  unsprayed 
Elberta  peach  tree,  showing  all  the  fruit  affect od  with 
scab  and  86  per  cent  of  it  unmerchantable.  Sleepy 
Creek.  W.  Va.,  August  27,  1909 2S 

'IV.  Peach  scab.  Fig.  1. — Crop  of  Elberta  peaches  from  a  tree 
sprayed  once  with  self-boileil  lime-sulphur.  Good,  mer- 
chantable fruit  in  the  pile  and  unmerchantable,  scabby 
fruit  on  the  notebook  at  the  top.  Sleepy  Creek,  W.  Vs., 
August  27,  1909.  Fig.  2. — The  same  unsprayed  crop 
shown  in  Plate  III.  figure  2,  sorted  for  the  market.  The 
large  pile  on  the  right  is  unmerchantable,  sc'abby  fruit, 
that  on  the  left  representing  all  that  was  suitable  for  pack- 
ing          2< 

BvLLETix  No.  177. — ^A  Protected  Stock  Range  in  Arizona. 

Plate  I.  Pastures  showing  improvement  due  to  two  years'  protection 
by  fencing.  Fig.  1. — Range  land  inside  and  outside  of  the 
fenced  area  in  June,  1903.     Fig.  2. — Range  land  Inside  and 

outside  of  the  fence  line  in  April,  1905 S 

II.  Comparative  growth  of  grass  on  range  lands  in  a  good  and 
a  poor  season.  Fig.  1. — Field  of  Bouteloua  rothrockii  in 
a  good  season,  1908.  Fig.  2. — Field  of  Bouteloua  roth- 
rockii in  a  poor  season,  1907 ]4 

III.  Views  in  the  inclosed  area.    Fig.  1. — ^A  close  view  of  the 

southeastern  portion  of  the  inclosed  area.     Fig.  2. — Gen- 
eral view  of  the  southeastern  portion  of  the  inclosed  area_        16 
IV.  Two  grasses  growing  in  the  Inclosed  area.     Fig.  1. — Muhlen- 
bergia  porteri  growing  under  the  protection  of  a  cat-claw. 

Fig.  2. — Isocoma  coronopifolia  growing  on  range  land IS 

V.  Heavily  grazed  pastures  in  the  smaller  inclosure.  Fig.  1. — 
A  badly  overgrazed  area  in  the  "  MacB."  pasture.  Fig. 
2. — ^Upper  portion  of  the  590-acre  pasture,  showing  spring 
vegetation  under  heavy  grazing 20 
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Plate  VI.  An  arroyo  and  a  i>ereunial-grass  field  in  the  inclosed  area. 

Fig.  1. — An  arroyo  producing  brush  and  cacti  but  verj* 

littlo   grass.     Fig.    2. — Field   containing   Baileya    multi- 

radlata,  a  conspicuous  plant  about  the  lower  border  of 

the  i)ereunial-grass  region 22 

Bulletin  No.  170. — The  Florida  Velvet  Bean  and  Related  Plants. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  op  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D.  C,  December  23,  1909. 

Sm:  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
publication  as  Bulletin  No.  173  of  the  series  of  this  Bureau  the 
accompanying  manuscript,  entitled  ''Seasonal  Nitrification  as  Influ- 
enced by  Crops  and  Tillage,"  by  Mr.  Charies  A.  Jensen,  Agriculturist, 
of  this  Bureau. 

The  Office  of  Dry-Land  Agriculture,  of  this  Bureau,  is  carrying 
out  extensive  investigations  in  crop  rotation  and  cultivation  methods 
at  thirteen  stations  located  at  widely  different  points  in  the  Great 
Plains  area.  The  purpose  of  these  investigations  is  to  ascertain  the 
best  methods  of  agriculture  in  these  semiarid  regions.  To  do  this 
inteUigently  it  is  necessary  not  only  to  study  the  immediate  effect 
of  these  methods  on  crop  yields,  but  ako  to  study  the  resultant 
changes  occurring  in  the  physiological  properties  of  the  plant  nutri- 
tive solution,  which  is  recognized  as  one  of  the  fundamental  factors 
in  crop  yields.  -^  It  is  therefore  necessary  to  supplement  the  field 
work  with  laboratory  investigations  having  for  their  aim  the  solu- 
tion of  the  problems  presented  by  the  crop  returns  from  the  rotation 
systems  mentioned. 

The  accompanying  manuscript  shows  the  seasonal  changes  in  the 
water-soluble  nitrates  in  summer-fallowed  land,  wheat  land,  and  com 
land  and  the  rates  and  extent  of  the  seasonal  removal  of  the  nitrates 
by  these  crops.  The  investigations  were  made  by  Mr.  Jensen  while 
be  was  superintendent  of  the  Bellefourche  substation  of  the  Office 
of  Dry-Land  Agriculture.  The  work  was  conducted  in  cooperation 
with  the  Physical  Laboratory  of  this  Bureau,  which  has  general 
supervision  over  the  physical  measurements  carried  out  at  the  dry-land 
stations  of  the  Bureau. 

yhe  results  described  in  the  paper  are,  I  beUeve,  sufficiently  signifi- 
cant to  demonstrate  the  importance  of  a  more  extended  development 
of  this  line  of  investigation  at  the  stations. 
Respectfully, 

B.  T.  Galloway, 

Chief  of  bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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SEASONAL  NITRIFICATION  AS  INFLUENCED 

BY  CROPS  AND  TILLAGE. 


ENTBODirCriON. 

The  attempt  to  bring  the  vast  areas  of  prairie  lands  of  the  Great 
Plains  under  a  profitable  system  of  agriculture  has  been  imdertaken 
with  renewed  vigor  during  the  last  few  years,  both  by  the  older  settlers 
and  by  many  new  ones  entering  the  Plains.  These  new  settlers  come 
mainly  from  the  Middle  West,  where  the  climatic  and  soil  conditions 
are  very  different  from  those  in  the  newer  areas  where  they  settle. 
On  the  Great  Plains  the  rainfall  is  likely  to  be  too  little  rather  than 
too  much  for  good  crop  returns  and,  moreover,  it  does  not  always 
come  at  the  time  most  convenient  for  the  farmer;  besides,  the  wind 
movement,  especially  in  the  spring,  when  the  crops  are  being  planted 
and  when  the  surface  of  the  soil  is  usually  exposed  in  a  rough  con- 
dition, saps  the  soil  of  its  moisture  very  rapidly. 

Under  such  conditions  it  becomes  necessary  to  control  the  quantity 
and  the  movement  of  the  soil  moisture,  and  as  this  moisture  consti- 
tutes the  plant  nutritive  solution  it  is  obvious  that  not  alone  the 
absolute  amounts  of  soil  moisture  present  but  the  nutritive  character 
of  this  solution  become^  of  importance,  so  that  any  cultural  system 
inaugurated  for  the  purposes  of  moisture  conservation  should  be  such 
that  the  quality  as  well  as  the  quantity  of  the  nutritive  solution  can 
be  controlled. 

It  has  often  been  observed  that  of  two  contiguous  plats  on  the 
same  type  of  soil  one  may  yield  considerably  higher  than  the  other, 
although  the  amount  of  soil  moisture  may  be  the  same  in  both.  In 
such  cases  it  is  often  found  that  the  properties  of  the  nutritive  solu- 
tions from  the  two  plats  are  markedly  different  in  their  behavior 
toward  plant  growth,  and  often  the  history  of  the  plats  will  show  that 
the  cultiu'al  methods  have  been  different  and  that  these  may  explain 
the  differences  found  in  the  character  of  the  soil  moisture  constituting 
the  plant  nutritive  solution.  The  mere  storing  up,  then,  of  soil  mois- 
ture is  not  always  sufficient  for  the  purposes  of  good  crop  returns. 

During  the  last  few  years  a  number  of  substations  have  been  estab- 
lished by  the  Bureau  of  Plant  Industry  thrpughout  the  Great  Plains 
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area  for  the  purpose  ofc  finding  out,  if  possible,  the  best  methods  of 
handling  the  prairie  lands  there  so  that  profitable  crop  returns  miglif; 
be  realized.  At  all  of  these  stations  a  large  number  of  rotations  have 
been  established,  and  other  plats  have  been  set  aside  for  experiments 
with  various  methods  of  cultivation  without  regard  to  crop  rotations. 

In  the  spring  of  1907  the  writer  was  put  in  charge  of  the  substation 
at  Belief ourche,  S.  Dak.,  where  experiments  in  dry-land  agriculture 
were  inaugurated.  The  station  site  was  on  virgin  prairie  lands,  so 
nothing  was  done  that  year  beyond  breaking  up  and  preparing  land 
for  use  in  1908.  In  the  spring  of  that  year  an  elaborate  s^es  of 
rotation  systems  was  established,  and  a  large  number  of  other  plats 
were  set  aside  for  use  in  the  studies  of  soil-moisture  conservation  bv 
different  methods  of  cultivation,  the  success  of  the  methods  being 
measured  finally  by  the  crop  yields,  though  moisture  determinations 
were  made  during  the  entire  season. 

The  work  to  be  described  was  done  on  some  of  the  plats  used  for 
the  purpose  of  trying  out  different  cultural  methods,  it  being  thought 
that  different  crops  and  different  tillage  methods  would  influence 
the  nutritive  properties  of  the  soil  solution.  Owing  to  the  press  of 
field  duties  and  to  the  inconvenient  location  of  the  station  as  regards 
supplies,  it  was  found  necessary  to  limit  the  laboratory  work  to  a 
study  of  the  natural  activity  of  nitrification  in  the  soil  as  measured  by 
determinations  of  nitrates,  nitrites,  and  ammonia  in  three  plats  receiv- 
ing different  treatments  and  beariog  different  crops. 

The  literature  on  nitrifyiog  organisms  and  on  nitrification  is  very 
volimiinous,  and  while  the  author  does  not  by  any  means  claim  to 
have  read  it  all,  it  is  believed  that  most  references  which  have  any 
direct  bearing  on  the  present  subject  matter  have  been  cited.  In  no 
case  was  there  foimd  reported  work  on  nitrification  in  the  field  as 
influenced  by  crops  and  tillage  that  had  been  carried  on  continu- 
ously throughout  the  crop  season.  The  few  references  found  which 
might  have  a  bearing  were  generally  reports  on  work  carried  on  in 
humid  regions  or  in  the  laboratory,  the  conclusions  of  which  could 
hardly  be  extended  to  the  semiarid  regions.  Much  of  the  literature, 
however,  was  helpful  in  formulating  suggestions  explaining  the 
phenomena  found. 

DBSCBIPTION  OF  THE  SOIL  IN  WHICH  THE  EXPERIMENTS  WEBB 

CONDTJCTED. 

The  soil  of  the  station  and  of  the  surrounding  country  is  known  as 
"gumbo"  and  is  a  heavy,  black  or  gray,  clay  loam  to  a  depth  of  2  to 
3  feet,  and  below  this  depth  heavy  clay  usually  occurs,  extending  to 
6  feet  or  deeper,  overlyiug  the  partially  disintegrated  cretaceous  shale 
which  is  the  geological  formation  of  the  whole  surrounding  country. 
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FIEU>  HISTOBY  OF  THE  PLATS. 

The  prairie    sod,    covered    originally   with   western    wheat-grass 
(Agropyron    occidentaHe),   buffalo    grass    {BuOnlis   dactyloides) ,   and 
gramma   {BcnUeloua  oligosiachya) ,  with  minor  quantities  of  sedges 
{Carex  jili folia  and  C,  stenopJiyUa)  and  other  grasses,  together  with  a 
few  vetches,  was  broken  in  the  spring  of  1907  to  a  depth  of  about  3  to 
4  inches,  backset  (replowed)  in  the  fall  of  1907  to  a  depth  of  about  5 
inches,  and  left  open  until  the  spring  of  1908,  when  it  was  disked  and 
harrowed  until  a  good  seed  bed  was  secured.     wSuch  was  the  treat- 
ment of  the  spring- wheat  plat  and  the  com  plat  used  in  the  work.     A 
plat  reserved  for  summer-fallow  used  in  this  work  was  spring-plowed 
to  a  depth  of  about  8  inches,  smoothed  with  a  disk,  and  harrowed. 
This  plat  was  cultivated  during  the  summer  to  keep  weeds  down  and 
to  conserve  the  moisture. 

The  determinations  on  the  com  plat  were  not  begun  as  early  as  on 
the  wheat  and  fallow  plats.  As  this  plat  was  not  planted  as  early  as 
the  wheat  plat,  it  was  taken  for  granted  that  the  soil  conditions  would 
be  the  same  as  those  of  the  fallow  plat  until  the  time  of  planting  the 
com. 

METHODS  OF  HAXXNG  BETEBJONATIOKS. 

The  chemical  methods  used  were  those  described  in  Bulletin  No.  31 

of  the  Bureau  of  Soils.     The  soil  samples  were  collected  in  duplicate 

from  6-inch  layers  to  a  depth  of  2  feet — that  is,  in  0  to  6,  6  to  12,  12  to 

18,  and  18  to  24  inch  depths — and  the  two  cores  from  each  soil  layer 

Daade  into  a  composite  sample.     The  samples  as  bored  up  with  the 

auger  were  transferred  to  air-tight  tin  cans,  taken  immediately  to  the 

laboratory,  weighed,  dried  in  an  oven  at  a  temperature  of  about  100^ 

C,  and   again  weighed.     In  preparing  the  solution  it  was  found 

necessary  to  adopt  this  drying  method  in  order  to  insure  thorough 

Daixing  of  the  soU  and  the  water,  as  it  was  practically  impossible  to 

break  down  the  moist  gumbo  pieces  directly.     The  ratio  of  soil  to 

VJater  was  1  to  5  (100  grams  of 'soil  to  500  c.  c.  of  water).     After 

drying,  the  soil  particles  readily  broke  down  and  after  thorough 

stirring  in  the  w^ater  would  settle  out  quite  clear  in  about  20  to  30 

minutes.     The  supernatant  liquid  was  then  poured  into  Chamberland 

filters  and  filtered.     Such  a  procedure  of  drying  the  soil  could,  of 

course,  not  be  employed  were  determinations  to  be  made  of  such  soil 

elements  as  are  derived  directly  from  the  soil  minerals,  as  potassium, 

phosphoric  acid,  etc.,  but  owing  to  the  origin  and  nature  of  the 

nitrates  and  nitrites  in  the  soil  the  solubility  is  not  increased ;  neither 

is  it  likely  that  decomposition  of  a  disturbing  nature  would  take  place. 

Experiments  were  made  to  compare  the  two  methods  of  obtaining  the 
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soil  solutions  from  soil  that  was  first  dried  and  from  undried  samples 
direct  from  the  field.  The  results  agreed  within  the  limits  of  experi- 
mental error,  and  as  better  mixing  was  possible  by  using  the  dried 
samples  this  procedure  was  an  advantage. 

The  determination  of  nitrates  under  ideal  conditions  does  not 
present  any  serious  difficulty  if  the  procedure  is  carefully  follow^ed 
out  and  precaution  against  errors  observed.  As  is  well  known, 
however,  difficulties  are  likely  to  be  encountered  when  nitrates 
are  to  be  determined  in  soil  extracts,  especially  if  the  extract 
is  highly  colored  with  soluble  organic  matter  or  if  it  contains  con- 
siderable soluble  inorganic  salts,  especially  chlorids.  There  are  thus 
three  main  sources  of  error  in  nitrate  determination  in  a  soil  extract ; 
Foreign  organic  color,  which  is  superimposed  on  the  yellow  color 
'  developed  on  nitration  of  the  phenoldisulphonic  acid,  which  renders 
the  colorimetric  reading  more  difficult;  the  soluble  organic  matter 
may  be  acted  upon  by  the  nitrates,  or  possibly  by  the  acid,  thus 
introducing  a  chemical  error;  the  presence  of  considerable  amounts  of 
alkali  salts,  of  which  chlorids  seem  to  be  the  most  serious  ones. 

The  soil  extract  obtained  in  the  work  here  reported  did  not  contain 
enough  chlorids  to  cause  error,  as  the  amounts  were  too  small  to 
measure  accurately  by  means  of  titration;  only  traces  were  ever 
observed,  and  frequently  none  at  all. 

The  errors  which  might  be  introduced  because  of  the  presence  of 
soluble  organic  matter  are  believed  to  be  too  small  to  seriously  con- 
sider, as  the  only  soil  samples  which  gave  appreciable  organic  colors 
were  those  from  the  fallow  plat,  and  no  serious  difficulty  was  en- 
countered in  making  the  colorimetric  readings  of  these  extracts,  the 
organic  color  being  of  quite  a  different  shade  from  the  yellow  color 
due  to  nitration.  The  error  which  may  have  been  introduced 
through  the  chemical  disturbance  of  the  organic  matter  was  neglected, 
it  being  considered  too  small  to  be  of  serious  consequence;  as  stated 
above,  the  organic  color  was  not  strong.  All  points  considered,  it  wjis 
decided  that  under  the  circumstances  and  conditions  less  error  would 
be  involved  in  using  the  solutions  directly  as  obtained  than  by  trying 
to  free  them  of  organic  matter  by  oxidation  or  reduction. 

It  should  be  kept  in  mind  that  the  chief  value  of  the  results 
obtained  lies  in  their  relativity  more  than  in  the  absolute 
amounts  found.  This  weekly  relation  of  the  amounts  of  p^itrates  in 
the  various  soil  layers  in  the  various  plats  could  not  be  seriously 
disturbed  by  any  sUght  error  which  might  possibly  have  been  intro- 
duced because  of  the  presence  of  soluble  organic  matter  in  the  soil 
extracts. 

It  has  been  quite  well  made  out  that  no  appreciable  error  was 
introduced  in  quickly  drying  the  soil  samples  in  the  oven  at  100*^  C. 
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This  was  established  at  the  time  and  has  been  also  found  in  the 
bacteriological  laboratory  of  this  Bureau  to  be  a  safe  procedure  for 
purposes  of  comparison. 

A  comparison  of  results  obtained  by  the  various  methods  of  extrac- 
tion is  given  in  Table  I. 

Table  I. — NitriUs^  nitrateSy  arid  ammonia  found  in  dry  soil  treated  in  various  nays. 


Boil  treatment. 


Fresh  untreated  soil,  using  undisf  illed  water 

Fre^h  untreated  soil,  using  distilled  water 

Fresh  untreated  soil  plus  chloroform,  using  undistilled  water. 

Fresh  untreated  soil  plus  chloroform,  using  distilled  water 

Soil  dried  in  oven  at  100'  C 


Parts  per  million  in  dry  sofL 


Nitrites 
(NO,). 


0.55 
.55 
.55 
.55 
.55 


Ammonia 
(NH,). 


1.5 
.8 
2.5 
2.0 
3.33 


Nitrates 
(NO.). 


26.7 
22.2 
22.2 
25.0 
36.4 


The  oven-dried  sample  in  this  case  gave  a  higher  proportion  of 
ammonia  and  nitrates  than  the  other  samples.  It  is  possible,  though, 
that  nitrification  went  on  to  some  extent  before  the  sample  was  prop- 
erly dried,  as  the  gasoline  drying  oven  was  troublesome,  this  being 
its  first  use.  The  soil  sample  was  in  the  oven  most  of  the  day  before 
the  trouble  with  the  burner  was  located,  and  it  was  warmed  most 
of  the  day  without  quickly  drying. 

The  following  set  was  run  through  the  next  day,  a  soil  being  used 
that  had  been  carefully  prepared  for  a  winter-wheat  seed  bed  the 
previous  year  but  which  had  not  been  planted : 

Table  II. — Nitrites,  nitrftt^s,  and  ammonia  found  in  dry  soil  from  a  seed  bed  treated  in 

various  ways. 


Soil  treatment. 


Parts  per  million  in  dry  soil. 


Nitrites    Ammonia '  Nitrates 
1    (NO,).        (Nllj).     ,    (NOa). 


Fresh  untreated  soil  immediately  extracted ,  0. 28 

Fresh  soil  plus  chloroform  and  immediately  extracted [  .28 

Fresh  soil  after  three  hours'  treatment  with  chloroform  and  dried  quickly 

atlOJT .20 

Fresh  soil  dried  immediately  in  oven  without  being  treated  with  chloro-  I 

form .33 


133.3 
133.3 

133.3 

133.3 


The  ammonia  was  not  read,  as  the  solution  contained  foreign  color- 
*mg  matter.  These  and  the  previous  results  give  an  idea  of  the  limits 
of  experimental  error.  The  standard  solutions  used  for  comparison 
m  the  colorimeter  were  made  up  fresh  on  the  day  they  were  used, 
and  all  readings  were  made  within  a  few  hours.  The  nitrite  reagents 
were  kept  separate  and  small  portions  mixed  as  needed  for  use. 

The  systematic  determinations  were  begun  April  27,  and  from  then 
until  July  31,  about  ten  days  after  harvest,  the  determinations  were 
made  once  a  week. 
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DISCUSSION  OF  RESUXIS  OF  DXTBKMINATIONS. 
NITRATES    IN    THE    FAI.LOW    PLAT. 

Figure  1  shows  the  parts  per  million  of  nitrates  calculated  for  the 
OTen-dried  soil  in  each  6-inch  layer  in  the  fallow  plat  from  April  27 
to  July  31  and  the  precipitation  for  the  same  period.  About  1  inch 
of  rain  had  fallen  from  April  1  to  April  27.  The  weekly  periods  are 
laid  off  on  the  abscissa,  and  the  parts  per  million  of  nitrates  on  the 
ordinate.  The  precipitation  scale  is  on  the  right-hand  side  of  the 
figure. 

The  first  two  sets  of  determinations  show  decreasing  amounts  of 
nitrates  from  the  surface  &-inch  layer  downward,  the  second  foot  con-- 


t  allow  plat  In 


taintng  veiy  small  amounts.  There  were  no  marked  changes  until 
May  9,  when  the  surface  6  inches  of  soil  showed  a  considerable  increase 
in  nitrates,  and  it  is  also  seen  that  at  this  time  this  soil  layer  contained 
a  maximum  amount  of  water-soluble  nitrates.  The  nitrates  in  the 
second  layer,  6  to  12  inches,  had  more  than  doubled  since  the  week 
before,  but  there  were  no  considerable  changes  in  the  lowest  two 
layers.  By  the  next  week.  May  16,  the  surface  6  inches  of  soil  had 
decreased  about  forty  parts  per  million,  and  there  was  also  a  decrease 
in  the  6  to  12  inch  layer.  By  the  next  week,  on  May  22,  a  marked 
increase  in  the  amount  of  nitrates  is  evident  in  the  12-inch  layer,  it 
having  increased  about  seventy  parts  per  million  during  six  days, 
and  the  surface  &-inch  layer  had  decreased  about  ten  parts  per  milhon. 
At  this  date  the  12-inch  layer  contained  the  maximum  quantity  of 
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nitrates.    Up  to  this  time  there  were  no  great  changes  in  the  nitrates 

in  the  18  and  24  inch  layers,  but  from  May  22  to  June  5  these  layers 

accumulated  considerable  amounts,  and  on  the  latter  date  the  18-inch 

layer  contained  the  maximum^  which  remained  constant  until  the 

next  week,  June  12.     In  the  mean  time,  the  24-inch  layer  accumulated 

considerable  quantities  of  nitrates,  reaching  its  maximum  on  June  12. 

It  will  be  noticed  in  general  that  from  April  27  to  June  5  the 

maximum  amount  of  water-soluble  nitrates  shifted  every  two  weeks 

to  the  next  lower  layer  and  that  once  any  layer  had  accumulated 

a  maximum  it  decreased  and  in  general  never  again  contained  as 

large  amounts  as  the  maximum  of  the  next  lower  layer,  which  was 

reached  at  a  later  date. 

From  June  12  to  June  19  there  was  an  interesting  change,  in  that 
every  soil  layer  which  had  recently  been  actively  accumulating 
nitrates  suddenly  showed  a  marked  <lecrease  in  amounts  of  water- 
soluble  nitrates,  and  all  of  the  layers  on  June  19  contained  nearly 
the  same  amount  of  nitrates.  The  upper  6-inch  layer  did  not  show 
any  such  decrease,  the  reason  for  which  will  be  discussed  later  on. 
From  June  19  till  July  31  there  were  no  regular  changes,  all  of  the 
curves  zigzagging  irregularly. 

In  view  of  the  marked  increases  in  the  amount  of  nitrates  in  the 
18  to  24  inch  layer,  it  is  to  be  regretted  that  determinations  were  not 
made  in  the  third  foot  also,  but  time  did  not  permit  the  increased 
work.  The  18  to  24  inch  layer  never  contained  a  maximum  amount 
of  nitrates  in  comparison  with  the  other  layers,  but  the  results  cer- 
tainly indicate  that  nitrification  is  quite  active  at  a  depth  below  2 
feet  in  these  prairie  soils  when  they  ar^  brought  under  cultivation. 
Bazarewski*  found  very  few  nitrifying  bacteria,  however,  at  a  depth 
of  50  centimeters  and  reports  that  they  were  '*  plentiful  at  a  depth 
of  10  centimeters."  It  will  be  noticed  from  figure  1  that  the  18  to  24 
inch  soil  layer  accumulated  as  much  water-soluble  nitrate  as  did  the 
0  to  6  inch  layer,  so  nitrifying  organisms  are  presumably  active  in 
this  prairie  soil  to  a  depth  considerably  greater  than  2  feet.  Hunt '' 
likewise  reports  that  nitrification  took  place  to  but  a  small  extent 
below  a  depth  of  2  feet,  and  the  figures  given  by  him  show  that  under 
the  conditions  discussed  nitrification  was  not  very  active  in  even 
the  second  foot. 

In  this  connection  it  may  be  of  interest  to  mention  that  the  un- 
broken prairie  ** gumbo"  never  becomes  moistened  deeper  than 
about  8  to  10  inches  even  after  the  heaviest  rains.     Cultivation, 

^  Bazarewski,  L.  von.    Nitrification  and  Denitrification  in  Soils.    Reviewed  in  Ex- 
periment Station  Record,  vol.  21,  no.  1,  July,  1909,  pp.  20-21. 

«>  Hunt,  T.  F.    The  Importance  of  Nitrogen  in  the  Growth  of  Plants.    Bulletin  247, 
New  York  (Cornell)  Agricultural  Experiment  Station. 
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however,  aoon  results  in  the  soil  becoming  moistened  deeper  than 
6  feet  within  one  year  ftfter  breaking  the  sod  and  cultivating  the 
soil.  It  is  fair  to  assume,  therefore,  that  nitrification  in  the  un- 
broken land  can  not  take  place  to  any  great  extent  much  below  a 
depth  of  1  foof. 

NITEATES    IN    THE    SPRING-WHEAT   PLAT. 

Figure  2  shows  the  results  obtained  from  determinations  made 
on  the  spring-wheat  plat.  These  determinations  were  not  begun 
until  May  9,  but  a  vertical  section  made  in  figure  1  on  May  9  will 
show  that  the  order  is  about  the  same  at  this  point  on  both  figures. 

Figure  2  does  not  contain  the  precipitation  curve,  but  in  addition 
to  the  curves  showing  the  amounts  of  nitrates  in  the  6-inch  soil  layers, 
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it  shows  the  curve  representing  the  weekly  increase  in  the  dry  weight 
of  the  wheat  plants.  The  increase  whs  determined  each  week  by 
cutting  four  3-foot  squares,  two  near  each  end  of  the  2  by  8  rod  plat, 
both  green  and  air- dry  weights  being  obtained.  Only  the  tlry 
weights  are  platted  in  the  figure. 

A  comparison  «f  figure  1  and  figure  2  shows  the  same  general  fact, 
namely,  that  the  maximum  amount  of  water-soluble  nitrates  in  any 
soil  layer  is  shifted  every  two  weeks  to  the  next  lower  layer.  The 
detailed  variations  are  about  the  same  in  the  two  plats,  but  there  is 
one  general  difference- — the  date  of  the  maximum  accumulation  of 
nitrates  in  the  respective  st>il  layers  in  the  two  plats  is  shifted  one 
week  forward  in  the  case  of  the  spring-wheat  ]>lat- — that  is,  each  of 
the  6,  12,  and  18  inch  layers,  respectively,  attained  its  maximum 
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accumulation  of  water-soluble  nitrates  just  one  week  later  in  the 
wheat  plat  than  in  the  fallow  plat.  It  will  be  remembered  that  it 
was  stated  that  the  fallow  plaf  was  plowed  to  a  depth  of  about  8  inches 
in  the  spring  of  1908  and  that  the  wheat  plat  had  not  been  plowed 
since  being  backset  in  the  previous  fall  to  about  5  inches  deep.  There 
was  thus  a  difference  in  the  mechanical  condition  of  the  two  plats ;  the 
summer-fallow  plat  being  more  open  and  stirred  to  a  greater  depth, 
there  was  presumably  a  more  rapid  access  of  air,  and  in  consequence 
a  more  rapid  rise  in  temperature.  Hunt  *  also  found  that  early  plow- 
ing promoted  nitrification  more  rapidly  than  late  plowing,  and  pre- 
sumably early  plowing  would  promote  nitrification  more  rapidly  than 
no  plowing  at  all. 

It  was  expected  that  some  information  would  be  obtained  in  regard 
to  the  rate  at  which  the  growing  wheat  plants  removed  the  nitrates 
from  the  different  soil  layers,  that  being  one  of  the  main  points 
soiight  for  in  the  work.     As  a  matter  of  fact,  it  will  be  noticed  that 
the  curves  of  the  two  figures  are  so  much  alike  in  the  general  trend 
that  were  they  not  scaled  or  labeled  in  any  way  it  would  be  difficult 
to  say  wliich  figure  represented  the  fallow  plat  and  which  the  wheat 
plat.     The  shifting  of  the  dates  of  the  maximum  accumulation  of 
nitrates  in  the  individual  soil  layers  one  week  back  in  the  case  of  the 
fallow  plat  might  be  explained  by  the  difference  in  the  tillage.     By 
using  the  fallow  plat  as  a  check  on  the  wheat  plat,  which  is  really 
what  it  is,  it  will  be  noticed  that  aside  from  this  shifting  already 
mentioned  the  only  general  differences  are  the  smaller  amounts  of 
nitrates  found  in  the  wheat  plat  and  that  after  June  19,  when  the 
general  decrease  in  nitrates  took  place — as  in  the  fallow  plat — the 
nitrates  in  each  soil  layer  in  the  wheat  plat  were  more  constant  in 
both  total  amounts  and  amplitude  of  variation.     Had  the  results 
on  the  fallow  plat  not  been  obtained  as  a  check  on  the  results  ob- 
tained on  the  wheat  plat,  it  might  have  been  supposed  that  during 
the  time  immediately  following  June  12,  when  the  wheat  plants 
were  making  rapid  increase  in  growth,  the  crop  was  removing  nitrates 
much  more  rapidly  than  they  were  being  formed.     Even  thus  one 
v?ould  hardly  expect  the  nitrates  to  be  removed  so  spontaneously  and 
almost  completely  from  each  6-inch  soil  layer.     One  can  not,  then, 
from  the  amounts  of  water-soluble  nitrates  found,  determine  tlie  soil 
layers  in  which  the  wheat  roots  were  feeding  most  rapidly  or  demon- 
strate any  progressive  downward  ranging  of  the  roots  as  the  season 
advanced.     The  apparent  '^removal"  of  the  nitrates  from  the  soil 
is  due,  then,  to  some  other  factor  than  the  presence  of  the  crop. 

Even  after  June  19,  when  the  marked  decrease  in  the  amounts  of 
water-soluble  nitrates  occurred,   there  is  no  consistent  correlation 

o  Hunt,  T.  F.,  loc.  cit. 
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between  the  weekly  increase  in  the  dry  weight  of  the  wlieat  crop  and 
the  amounts  of  nitrates  present.  On  the  contrary,  from  June  24  to 
July  3  there  was  a  general  increase  in  me  amounts  of  nitrates  corre- 
sponding to  the  greatest  weekly  increase  in  tlie  growing  crop. 

COUPARISON    OF    NITRATES     IN     FALLOW,     SPRINQ-WHEAT,     AND     COEN 


Figure  3  sliows  the  amounts  of  nitrates — averages  of  tlio  four  6- 
incli  soil  layers — found  during  the  season  in  the  wlieat  plat,  the  fal- 
low plat,  and  the  corn  plat;  also  the  precipitation  curve  and  the 
weekly  crop-increase  curve.  It  is  to  be  regretted  that  the  same 
amount  of  data  could  not  have  been  obtained  from  the  com  plat  as 
from  the  wheat  plat,  but  time  did  not  permit.     Nothing  much  can 
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be  said  about  this  curve  beyond  the  statement  that  the  rapid  decrease 
in  nitrates  corresponds  quite  closely  to  tlie  period  of  most  rapid 
growth  of  the  com  as  recorded  in  the  notes  at  the  time. 

The  com  plat  had  evidently  accumulated  quite  large  amounts  of 
nitrates  before  the  plants  were  large  enough  to  materially  draw  upon 
these  salts,  for  the  com  curve  shows  that  on  June  19  the  accumula- 
tion of  nitrates  in  the  com  plat  had  reached  about  the  same  point  as 
that  in  the  fallow  plat.  The  direction  of  the  com-plat  curve  from 
June  19  to  June  24  also  suggests  the  general  drop  found  in  the  fallow 
and  wheat  plat  curves.  As  the  com  was  not  planted  until  May  7,  tlie 
plat  was  evidently  in  a  state  of  summer  fallow  until  determinations 
were  begun.  During  the  most  active  growing  period  of  the  cora 
these  plants  evidently  reduced  the  amounts  of  nitrates  to  as  low  a 
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content  as  did  the  wheat  plants  in  the  wheat  plat.  Apparently  the 
com  plants  were  as  fond  of  the  nitrates  as  were  tlie  wheat  plants. 
The  general  field  observation  that  a  Porn  crop  renders  tlie  ground 
more  productive  for  grain  than  a  previous  grain  crop  is  apparently 
not  due  to  the  leaving  of  greater  amounts  of  nitrat«3  in  the  soil. 

WTTHDEAWAI.   OF   NITRATES    BY   COHN    BOOTS. 

As  already  mentioned,  the  general  decrease  in  tlie  amounts  of 
water-soluble  nitrat<?s  in  both  the  fallow  and  tlie  wheat  plats  masked 
the  effect  of  any  progressive  withdrawal  of  the  nitrates  by  the  wheat- 
plant  roots  in  the  successive  soil  layers.  In  the  case  of  tlie  com  plat, 
however,  there  was  the  advantage  of  the  fact  that  the  nitrates  had 
already  been  accumulated,  and  so  the  com  offered  an  opportunity  for 
observing  tlie  removal  of  nitrates  from  the  various  soil  iaj-ers  as  the 
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season  pn^jressed.  Figure  4  shows  the  probable  effect  of  the  feed- 
ing of  the  com  roots  and  indicates  that  the  surface  6-inch  layer  early 
lost  considerable  amounts  of  nitrates  and  that  very  shortly  there- 
after the  12-inch  layer  was  drawn  upon  most  heavily.  From  July  3 
to  July  17  the  com  plants  made  their  most  rapid  growth,  and  the 
curves  also  show  that  at  tliis  period  the  nitrates  were  most  heavily 
drawn  upon.  The  18-inch  layer  contained  most  nitrates  and  lost 
most.  All  of  the  layers  to  a  depth  of  2  feet  were  probably  reduced 
to  the  limit  of  the  powers  of  the  com  roots  to  withdraw  nitrates  from 
this  heavy  soil. 

The  curves  in  figure  4  also  show  variations  in  the  activity  of 
nitrification,  especially  an  increase  from  June  24  to  July  3,  but  the 
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progressiye  downward  feeding  of  the  corn  roots  seems  clearly  shown. 
The  characteristic  manner  of  surface  feeding  of  corn  roots  would  early 
draw  upon  the  plant  food  in  the  surface  soil,  as  indicated  in  figure  4 
by  the  curves  of  the  6  and  12  inch  layers.  The  soil  samples,  however, 
were  taken  not  between  the  corn  rows,  where  the  lateral  roots  only 
were  abundant,  but  as  near  the  com  plant  as  they  could  be  taken, 
not  more  than  3  or  4  inches  away.  Such  sampling  would  encounter 
the  primary  roots  of  the  corn,  as  well  as  penetrate  the  soil  area  in 
which  the  lateral  roots  were  feeding  most  actively,  and  it  seems 
probable  that  the  reduction  of  the  amounts  of  nitrates  in  the  18  and 
24  inch  layers  was  due  to  the  penetration  of  these  primary  roots  to 
that  depth.  This  would  account  for  the  tardy  removal  at  the  lower 
depth,  as  the  primary  roots  would  be  longer  in  reaching  these  lower 
layers.  The  moisture  determinations  showed  that  the  moisture  was 
being  removed  quite  rapidly  from  the  18  and  24  inch  soil  layers  at 
the  same  time.  ^ 

The  most  striking  feature  about  figure  3  is  the  general  parallelism 
of  the  nitrate  curve  of  the  wheat  plat  with  the  nitrate  curve  of  the 
fallow  plat.  The  seven-day  lagging  of  the  maxima  in  the  wheat  plat 
is  not,  however,  as  clearly  shown  here  as  in  figures  1  and  2,  but  is 
evident  in  the  early  part  of  the  season.  The  only  other  point  of 
difference  in  the  two  curves  is  in  the  period  from  May  29  to  June  1 2, 
during  which  time  the  summer-fallow  plat  steadily  accumulated 
nitrates,  while  there  was  a  bare  increase  in  these  salts  in  the  wheat 
plat.  This  is  the  period  during  which  the  fallow  plat  laid  in  its 
increased  stock  of  water-soluble  nitrates,  and  from  June  12  on  there 
is  a  constant  difference  of  about  twenty  to  thirty-five  parts  per 
million  in  favor  of  fallowing.  It  is  probable  that  this  difference 
represents  in  general  the  continuous  amount  of  soluble  nitrates  used 
up  by  the  plants.  It  is,  however,  also  likely  that  had  more  nitrates 
been  formed  the  plants  would  have  used  them  and  that  the  curves 
represent  in  a  general  way  the  minimum  amount  to  which  the  corn 
and  wheat  roots  can  reduce  the  nitrates  in  tliis  heavy  soil.  Traps  ** 
found  that  the  nitrogen  content  of  crops  was  increased  with  an 
increased  nitrifving  activity  in  the  soil. 

In  figure  3  no  close  relation  is  evident  between  the  weekly  crop- 
increase  curve  and  the  decrease  in  the  nitrates,  using  the  fallow  curve 
as  a  check. 

RELATION   OF   NITRIFICATION   TO   FIELD   FACTORS. 

The  nitrification  in  the  soil  depending,  as  it  does,  on  so  many 
factors — temperature^  moisture,  aeration,  organic  matter,  kind  of 
crop,  cultivation,  etc. — it  is  difficult  in  the  field  to  run  down  the 

« Traps,  G.  S.     Bulletin  106,  Texas  Agricultural  Experiment  Station,  p.  4. 
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specilir  physical  or  chemicul  factors  most  influential  in  the  promoting 
i)f  the  formation  of  riitrafes  in  a  given  soil  type.  An  attempt  was 
made  to  correlate  the  variations  in  and  the  amounts  of  the  nitrates 
found  during  the  season  with  .some  of  the  factors  known  to  influence 
their  formation.  As  some  of  the  most  important  ones  from  a 
chemical  or  bacteriological  standpoint  could  not  be  taken  up  at  the 
time  the  attempt  at  correlation  had  to  be  confined  to  a  consideration 
of  some  of  t!ie  physical  factors.  As,  however,  the  soil  of  the  different 
plats  was  similar  and  probably  as  nearly  uniform  as  it  is  possible  to 
obtain  soil  in  different  plats,  and,  furthermore,  as  the  past  history  of 
the  plats  wiis  exactly  the  same  up  to  the  time  of  beginning  the  work, 
it  is  not  likely  that  there  were  any  fundamental  chemical  or  bacteri- 
ological differences  in  the  plats  at  the  time  of  planting.  The  wheat 
and  com  plats  were  adjacent  and  were  separated  from  the  fallow  plat 
by  only  6  rods,  and  certainly  no  differences  were  apparent.  Continu- 
ous air-temperature  records  were  kept  by  means  of  a  thermograph, 
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but  no  evident  relation  could  be  obtained  between  the  variations  in 
amounts  of  nitrates  and  in  temperature,  whether  the  mean  maximum, 
mean  minimum,  or  general  mean  temperature  was  considered. 

Figure  5  shows  the  curve  of  average  amounts  of  nitrates  to  a  <lepth 
of  2  feet  in  the  fallow  plat,  the  average  soil-moisture  curve  to  the 
3wne  depth,  and  the  precipitation  curve.  It  i.s  evident  that  neither 
the  soil-moLsture  curve  nor  the  precipitation  curve  shows  any  close 
^teement  with  the  nitrate  curve.  The  moisture  curve  is  nearly 
straight,  varying  only  from  24  to  29  per  cent  during  the  whole  season. 
'Ow  other  two  curves  parallel  from  June  19  to  the  end  of  the  season, 
but  as  the  formation  of  nitrates  had  already  taken  place  and  as  the 
amounts  thereafter  remained  constant,  it  is  hkely  that  this  agreement 
is  only  incidental.     It  might  l>e  mentioned,  incidental^,  that  the 
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mean  temperature  of  the  air  did  not  reach  nearly  its  maximum  until 
some  time  later  than  June  19;  in  fact,  the  maximum  temperature 
occurred  in  September. 

In  figure  6,  which  gives  the  corresponding  data  obtained  on  the 
wheat  plat,  there  is  a  closer  relation  between  the  moisture  and  tlie 
nitrate  curves,  but  as  the  growing  crop  has  removed  much  of  the 
moisture  and  the  nitrates  from  the  soil  it  is  apparent  that  no  close 
causal  relationship  could  be  insisted  on  in  this  case  either.  There 
is,  on  the  other  hand,  a  close  agreement  between  the  moisture  curve 
and  the  weekly  crop-increase  curve.  The  hygroscopic  coefficient  for 
this  soil  is  very  liigh  (about  12  per  cent),  and  judging  from  the  gen- 
eral appearance  of  the  crop  and  of  the  soil  at  the  time  it  is  likely 
that  the  moisture  curve  from  the  first  part  of  July  represents  about 
the  minimum  to  which  the  wheat  plants  could  reduce  the  moisture 
content  of  the  soil,  and  the  same  holds  true  in  regard  to  the  nitrate 
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curve,  as  mentioned  earlier.  This  same  removal  of  moisture  would, 
of  course,  also  check  nitrification,  so  both  this  and  the  plant  feedii^ 
would  keep  the  nitrates  from  increasing. 

Figure  7  brings  out  more  clearly  than  figures  1  and  2  the  phenome- 
non of  the  general  parallehsm  in  the  maximum  nitrate  accumulation 
in  tiie  individual  soil  layers  in  the  wheat  and  fallow  plats.  This 
figure  does  not  show  the  absolute  amounts  of  nitrates  found  in  the 
soil,  but  shows  simply  the  period  during  which  the  respective  6-inch 
soil  layers  in  the  fallow  and  wheat  plats  contained  an  amount  of 
nitrates  greater  than  any  other  6-inch  layer.  It  will  be  noticed  that 
there  is  a  very  close  agreement  between  the  two  plats  in  the  depth 
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It  which  nitrates  were  most  actively  accumulating  at  different 
periods  and  lliat  other  factors  than  cropping  evidently  determiHe 
(he  seasonal  activity  of  nitrification. 

THE    DI8APPBASANCE    OF  NITIUTES. 

Glancing  again  at  figures  1  and  2  it  would  naturally  be  asked  what 
became  of  the  water-soluble  nitrates  in  the  individual  6-inch  soil 
layers  after  accumulation  had  reached  a  maximum,  and  why  the 
seasonal  shifting  of  the  maximum  amount  of  nitrates  haa  such  a  dis- 
tinct downward  movement.  It  would  be  expectetl  that  the  rainfall 
would  tend  to  wash  down  the  nitrates  along  with  other  salts,  and 
rarh  probably  did  take  place  to  some  extent.  Selecting  the  week 
from  May  9  to  May  16,  in  figure  2,  there  would  seem  to  have  been 
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fallow  pUU. 

Wch  a  movement  from  the  surface  layer  to  the  12-inch  layer.  The 
rainfall  for  that  week  was  1.25  inches.  This  is  the  only  instance, 
hoffever,  in  the  two  %ures  which  shows  the  plausibility  of  such  an 
explanation  of  the  apparent  downward  "movement"  of  the  nitrates. 
Iiispecting  figure  1,  where  no  growing  crop  complicates  the  results. 
It  Would  even  appear  that  the  rainfall  had  the  opposite  effect,  as,  for 
instance,  during  the  period  from  May  22  to  May  29.  The  effect  seen 
there  could  not  be  explained  by  the  washing  down  of  the  nitrates  by 
(he  rains,  as  there  was  an  increase  in  nitrates  in  all  of  the  soil  layers 
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except  the  12-inch  layer  during  that  week.  The  same  point  i 
brought  out  during  the  period  from  June  5  to  June  12,  there  bein| 
no  rainfall  at  all  to  wash  down  the  nitrates  from  the  surface  into  th< 
12,  18,  and  24  inch  layers.  And,  finally,  no  such  explanation  car 
be  given  for  the  sudden  drop  in  amounts  of  nitrates  durinor  the 
period  from  June  12  to  June  19,  when  there  was  practically  no  rain 

DENITRIFIC  ATION . 

At  the  beginning  of  the  work  denitrification  was  expected  to 
become  an  obvious  factor  in  affecting  the  seasonal  changes  of  nitrates 
in  the  soil^  and  ammonification  was  also  expected  to  become  of 
measurable  importance;  accordingly,  determinations  of  nitrites  and 
ammonia  were  made.  Neither  of  these  activities,  however,  assumed 
any  importance  at  all  during  any  part  of  the  season  so  far  as  the 
analyses  brought  out,  and,  accordingly,  toward  the  end  of  the  season 
ammonia  and  nitrite  detenninaticms  were  not  reo:ularlv  made — 
sufficiently  often,  however  (usually  every  other  week),  to  know  the 
amounts  present  of  these  compounds. 

No  conveniences  were  at  hand  for  making  ammonia  determina- 
tions directly  on  the  fresh  soil,  and  this  is  obviously  \he  best  way  of 
determining  these  compounds.  The  determination  of  the  water- 
soluble  ammonium  compounds  could  not  be  expected  to  give  reliable 
data.  That  ammonia  may  have  been  fonned  in  larger  amounts  than 
would  be  suggested  by  the  quantities  found  during  the  season  would 
appear  from  the  work  of  Stevens  and  Withers,*  who  state  that  in 
some  soils  ^'nitrification  proceeds  as  rapidly  as  ammonification,  con- 
verting the  ammonia  to  nitrate  as  fast  as  it  is  rendered  available  by 
the  ammonifying  organisms." 

The  amounts  of  nitrites  found  varied  during  the  whole  season  from 
nothing  to  1.8  parts  per  million  in  the  (hy  soil.  There  was  no  regu- 
larity in  even  these  small  amounts,  one  week  traces  only  or  none  at 
all  being  found  and  the  next  week  traces  to  1.8  parts  per  million. 
The  same  irregularities  held  true  in  the  individual  soil  layers.  The 
usual  amounts  of  nitrites  were  from  0.1  to  0.3  part  per  milUon,  and 
one  single  sample — from  the  6-inch  layer  in  the  wheat  plat,  on  May 
22 — had  6  parts  per  million,  the  only  nitrite  determination  made 
that  exceeded  1.8  parts  per  miUion  at  any  time  during  the  season. 

The  determinations  likewise  showed  the  presence  of  but  small 
quantities  of  ammonia  per  million  parts  of  dry  soil,  but  in  this  case 
there  was  a  slight  decrease  toward  the  end  of  the  season.  During  the 
earlier  part  of  the  season,  the  amounts  found  averaged  6  to  8  parts 

a  Stevens,  F.  L.,  Withers,  W.  A.,  et  al.     Centralblatt  fiir  Bakteriologie,  Parasiten- 
kunde  imd  Infektionskrankheiten,  pt.  2,  1909,  p.  23;  abstracted  in  Experiment  Sta- 
tion Record,  vol.  21,  no.  2,  1909,  pp.  118-119. 
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ofanunonia  per  million  and  toward  the  end  of  the  season  the  amounts 
fell  to  about  3.6  to  4.7  parts  per  million.  No  such  gradual  decrease 
in  amounts  of  nitrites  toward  the  end  of  the  season  occurred.  The 
TariatioDs  in  the  quantities  of  ammonia  and  of  nitrites  in  the  iinli- 
ridual  soil  layei*s  were  apparently  not  then  sufficient  to  account  for 
the  mariced  and  general  and  consistent  changes  observed  in  the  case 
of  the  nitrates. 

It  may  be  remarked  that  although  the  soil  is  heavy  in  texture  and 
likely  to  compact  under  bad  treatment,  the  soil  on  the  plats  was  quite 
loose  and  open,  it  being  the  first  year  after  breaking.  Also,  toward 
the  middle  of  summer  the  soils  cracked  quite  freely,  so  that  there  was 
fair  opportunity  for  soil  aeration  all  season,  and,  as  the  precipitation 
curve  will  show,  there  was  no  trouble  with  water-logging  of  the  soil. 
All  conditions  considered,  it  is  apparent  that  conditions  were  not 
extremely  favorable  for  active  denitrification. 

SEASONAL    VARIATIONS    IN    NITRIFICATION. 

Referring  again  briefly  to  all  of  the  figures,  one  is  struck  by  the 
remarkable  uniformity  of  direction  of  all  the  curves,  especially  in 
figures  1,  2,  and  3.  The  facts  that  the  same  general  variations  exist 
in  all  cases  and  that  denitrification  is  probably  not  responsible  for 
the  nitrate  changes  point  to  a  general  seasonal  phenomenon  which  is 
affected  in  degree  but  not  in  kind  by  the  presence  of  the  growing 
crops. 

It  must  be  kept  in  mind  that  the  nitrates  found  were  those  soluble 
in  water  and  that  the  curves  thus  represent  only  the  water-soluble 
nitrates.     It  would  appear  that  nitrification  began  earliest  in  the 
surface  layer  of  the  soil  and  that  the  maximum  activity  of  this  proc- 
ess gradually  extended  downward  into  the  successively  lower  6-inch 
layers  and  reached  its  maximum  in  any  one  la3'er  in  general  at  a 
period  of  about  two  weeks  later  than  in  the  next  6-inch  layer  above. 
In  other  words,  conditions  of  temperature,  aeration,  etc.,  were  favor- 
able for  nitrification  in  the  surface  layer  earliest,  as  would  of  course 
be  expected,  and  these  favorable  conditions  obtained  later  in  the 
lower  soil  layers.     By  June   12   these  requisite  conditions  had  in 
general  reached  their  optimum  throughout  the  2-foot  soil  section 
studied,  and  it  might  well  be  conceived  that  the  physiological  activity 
of  the  bacterial  flora  necessary  for  nitrification  reached  its  maximum 
in  the  comparatively  short  period  of  about  two  or  three  weeks  in  each 
soil  layer  after  the  conditions  had  once  become  most  favorable  and 
that  the  general  "crop"  of  nitrifying  bacteria  matured  by  the  middle 
of  June. 

Under  this  interpretation  it  would  be  inferred  that  the  nitrifying 
bacteria  had  an  active  growing  season,  so  to  speak,  of  two  to  three 
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weeks  after  favorable  climatic  conditions  had  been  established  and 
that  after  this  period  of  growth  they  underwent  a  resting  period,  or 
at  least  their  physiological  activity  was  much  reduced,  just  as  is  the 
case  with  an  annual  flora  of  higher  plants.     From  this  explanation 
one  would  expect  that  their  general  activity  would  be  more  intense 
and  begin  earUer  in  the  fallow  plat  than  in  the  wheat  plat,  as  the 
former  was  spring-plowed  to  a  good  depth,  while  the  latter  was  not 
so  treated — and  this  is  the  case.     As  already  noted,  the  maximum 
nitrate  content  in  the  respective  soil  layers  occurred  in  general" about 
one  week  earlier  in  the  fallow  than  in  the  wheat  plat,  but  the  general 
''maturity  of  the  crop,''  to  continue  the  analogy  of  the  higher  flora, 
was  effected  at  about  the  same  time  in  the  two  instances,  viz,  about 
June  19.     This  seasonal  decrease  in  nitrification  mav  also  be  caused 
by  a  decrease  in  food  readily  available  for  the  nitrifying  oiganisins. 
Whether  the  seasonal  variation  in  amounts  of  nitrates  is  due   to 
periodicity  of  the  activity  of  the  nitrifying  organisms  in  the  soil, 
unaffected  by  any  climatic  or  food  factor,  'or  whether  it  is  due  to 
lack  of  suflScient  food  for  continued  activity  would  be  hard  to  decide 
from  the  various  curves.     As  somewhat  similar  variations  may  be 
obtained  in  the  laboratory  under  controlled  food  conditions,   this 
factor  must  be  kept  in  mind.     Schneider*  found  that  the  fixation  of 
nitrogen  in  the  soil  was  greatly  increased  by  the  addition  of  organic 
food,  as  also  by  the  addition  of  potassium  phosphate  and  of  lime; 
and  Bazarewski  *  found  that  the  addition  of  small  amounts  of  organic 
food  promoted  nitrification,  but  that  the  addition  of  larger  amounts 
decreased  the  activity  of  the  organisms. 

Notwithstanding  the  fact  that  neither  nitrites  nor  amimonia  were 
ever  foimd  in  sufficient  amounts  to  account  for  the  actual  decrease 
in  amounts  of  nitrates,  other  organisms  active  in  the  production  of 
these  compounds  may  conceivably  have  increased  vegetatively  ^t  the 
expense  of  the  nitrates  already  present.  Whether  the  food  supply 
itself  could  be  entirely  responsible  for  the  variations  in  the  amounts 
of  nitrates  it  would  be  hard  to  decide,  but  certainly  the  prairie  soil  in 
question  is  considered  quite  fertile  so  far  as  the  ordinary  farm  crops 
are  concerned,  and  the  plats  on  which  these  determinations  were 
made  had  never  been  cropped  before. 

That  this  rather  definite  and  comparatively  short  seasonal  period  of 
activity  of  nitrification  has  not  been  limited  by  lack  of  moisture  in 
the  soil  would  seem  to  be  indicated  by  the  moisture  conditions  in  the 
summer-fallow  plat.  The  drying  up  of  the  soil  in  the  wheat  plat,  due 
to  the  demands  made  upon  the  moisture  by  the  plants,  would  of 

a  Schneider,  P.     Landwirtschaftliche  Jahrbadier,  vol.  35,  sup.  4,  1906,  pp.  63-83; 
abstract  in  Experiment  Station  Record,  vol.  18,  no.  8,  April,  1907,  p.  722. 

6  Bazarewski,    L.    von.    Nitrification   and    Denitrification   in   Soils.    Reviewed 
in  Experiment  Station  Record,  vol.  21,  no.  1,  July,  1909,  pp.  20-21, 
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itself  inhibit  nitrification^  just  as  excessive  dryness  would  check  the 
growth  of  any  other  plant. 

It  seems  evident,  therefore,  that  the  decrease  in  amounts  of  nit  ratios 
can  not  be  wholly  explained  by  either  moisture  content  of  the  soil, 
denitrification,  ammonification,  or  temperature.  A  shortage  in  or- 
ganic food  supply  may  have  been  one  of  the  principal  causes,  but  it 
is  also  possible  that  the  amounts  of  nitrates  accumulated  by  the 
nitrifying  organisms  would  inhibit  further  increase  in  these  salts. 
Instances  of  such  inhibition  are  not  uncommon  in  the  case  of  other 
bacteria  and  fungi.  It  is  also  within  the  province  of  possibility^  that 
the  nitrifying  oi^anisms  may  have  accumulated  compounds  as  by- 
products other  than  nitrates  and  that  these  compounds  might  have 
checked  any  otherwise  possible  increase  in  amounts  of  nitrates.  Even 
when  all  these  factors  are  considered  there  would  appear  to  be  a 
rhythmic -periodicity  of  nitrifying  activity  during  the  seascm  due  to 
some  unknown  property  of  the  bacteria. 

• 

CHANGE  OF  WATEK-80LUBLE  NITRATES  TO  ALBUMINOID  NITROGEN. 

The  disappearance  of  the  water-soluble  nitrates  does  not  by  any 
means  indicate  that  the  nitrogen  was  actually  lost  from  the  soil,  but 
that  it  was  perhaps  converted  into  albuminoid  nitrogen  by  other 
groups  of  bacteria.  It  is  quite  conceivable  that  the  food  require- 
ments might  be  sufficiently  different  for  the  two  groups  to  permit  a 
considerable  decrease  in  the  activity  of  one  group  and  at  the  same 
time  increase  the  activity  of  another  group.  It  may  very  well  be  that 
the  artificial  application  of  a  food  supply  suitable  for  use  by  the 
nitrifying  organisms  would  again  increase  their  activity  to  a  point 
beyond  that  which  they  formerly  had  reached.  It  is  likely  that  had 
water-insoluble  nitrogen  been  determined  in  the  same  soil  series,  no 
general  decrease  would  have  been  found  in  this  from  June  12  to  June 
19;  on  the  contrary,  there  would  probably  have  been  an  increase. 
In  this  connection  it  may  be  mentioned  that  Montanari "  found  least 
amounts  of  "nitric  nitrogen *'  in  February,  March,  and  June,  and 
most  in  July  and  August.  He  found  that  plats  growing  wheat,  rape, 
and  com  contained  more  nitrates  in  the  lower  stratum  (10  to  20  centi- 
meters) than  in  the  upper  (0  to  10  centimeters) ;  on  a  plat  growing 
Medicago,  however,  this  relationship  was  reversed.  This  accumulation 
of  the  (probably)  albuminoid  nitrogen  would  very  possibly  be  of  use 
to  plants  the  following  spring  and  would  simply  be  held  in  reserve  in 
the  soil  and  either  break  down  into  readily  water-soluble  forms  or  in 
other  ways  become  available  for  use  by  higher  plants.     Whitson, 

^MontaDari,  C.    Quantity  of  Nitric  Nitrogen  in  Soils  Variously  Cultivated.    Le 
Stazioni  Sperimentali  Agrari  Italiane,  vol.  41,  1908;  abstract  in  Experiment  Station 
Reaxd,  voL  20,  no.  8,  March,  1909. 
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Stoddart,  and  McLeod*  found  that  the  diflFerence  in  the  amount  of 
nitrogen  between  virgin  land  and  cropped  land  was  not  enough  to 
account  for  the  crops  removed,  and  they  suggest  that  this  fact  is  due 
to  the  removal  of  nitrogen  by  bacteria.  Their  work  was  carried  on  in 
humid  regions,  however,  where  leaching  would  aflfect  the  distribution 
of  nitrogen  in  the  soil. 

In  an  area  such  as  the  prairie  region  represented,  where  the  amount 
of  rainfall  is  rather  limited,  there  would  be  an  accumulation  in  the 
fallow  plat  of  both  water-soluble  and  albuminoid  nitrogen.  The  crop 
would  have  the  advantage  of  the  nutritive  condition  of  the  soil  solu- 
tion represented  on  July  31  in  figure  1,  as  compared  with  the  less 
favorable  conditions  obtaining  on  April  27  in  figure  2. 

It  should  be  kept  in  mind  that  the  plats  on  which  the  determina- 
tions were  made  were  "dry  farmed, '^  and  it  is  not  intended  strictly  to 
apply  to  irrigated  lands  the  conclusions  derived  from,  this  work. 
Irrigation  would  in  all  probability  cause  disturbances  in  the  bacterial 
processes  in  the  soil,  and  so,  to  some  extent  at  least,  mask  the  seasonal 
activities  of  the  bacterial  flora  by  translocation  of  the  nitrates  and  by 
intermittent  wetting  and  drying.  It  is  likely,  however,  that  by 
properly  controlling  the  work  the  same  general  phenomena  would  be 
observed. 

RELATION  OF  NITRIFICATION  TO  SUMMER  FALLOW. 

As  will  be  noticed  from  figure  3,  the  summer-fallow  plat  contained 
on  July  31  about  35  parts  per  million  more  of  water-soluble  nitrates 
than  did  the  wheat  plat,  which  would  present  a  more  favorable  nutri- 
tive condition  than  found  in  the  cropped  plat.  In  view  of  the  fact, 
however,  that  the  fundamental  phenomena  underlying  nitrification 
are  the  same  in  both  the  cropped  plats  and  the  fallow  plat,  it  would 
seem  that  summer  fallow  would  be  of  doubtful  economic  value  so  far 
as  the  use  of  nitrates  is  concerned.  The  various  curves  distinctly 
show  that  nitrification  is  affected  in  degree  but  not  in  kind  by  the 
presence  of  a  growing  crop,  and  it  is  certainly  likely,  with  this  point 
in  view,  that  nitrates  were  formed  to  as  large  an  extent  in  the  wheat 
plat  as  in  the  summer-fallow  plat;  interest  on  the  investment  would 
be  lost  from  the  fallow  land  while  lying  idle,  when  by  suitable  treat- 
ment of  the  soil  use  could  as  well  be  made  of  the  products  of  the 
nitrifying  organisms  each  year  as  to  allow  the  land  to  lie  idle.  The 
bacterial  groups  active  in  producing  soluble  nitrates  and  albuminoid 
nitrogen,  feeding  largely  on  the  organic  matter  in  the  soil,  would  of 
course  reduce  their  food  supply  more  rapidly  in  a  system  of  fallowing 
than  in  a  system  of  crop  rotation,  where  organic  matter  is  continually 
being  added  to  the  soil.     Another  serious  objection  to  summer  fal- 

oWTiitoon,  A.  R.,  Stoddart,  W.  C,  and  McLeod,  A.  F.    Twenty-Third  Annual 

Report,  Agricultural  Experiment  Station  of  the  University  of  WisconBin,  1906,  pp. 

160-170. 
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lowing,  aside  from  the  one  just  mentioned,  is  the  fact  that  favorable 
conditions  for  chemical  oxidation  of  the  organic  matter  obtain  because 
of  the  more  ready  access  of  heat  to  the  soil  due  to  its  exposed  condi- 
tion. So  in  an  area  such  as  is  represented  by  this  station  where  even 
80  far  as  moisture  is  concerned  fallowing  is  questionable  as  a  system, 
the  nitrifying  flora  would  be  served  better  by  eliminating  fallowing. 

SUMMABY. 

In  the  early  part  of  spring  the  surface  6  inches  of  soil  contained 
more  water-soluble  nitrates  than  the  lower  6-inch  layers,  and  the 
amount  reached  its  maximum  in  the  first  layer  in  the  first  and  second 
weeks  in  May. 

From  that  time  the  amounts  of  water-soluble  nitrates  decreased  in 
the  surface  layer,  and  at  the  same  time  the  nitrates  in  the  12-inch 
layer  increased  rapidly  for  one  to  two  weeks,  when  a  decrease  was  in 
turn  shown  in  that  layer;  similarly  with  the  18-inch  and  24-inch 
layers. 

Thus  the  successive  6-inch  layers  from  the  surface  6-inch  layer 
downward,  at  periods  of  about  two  weeks  apart,  each  contained  more 
water-soluble  nitrates  than  any  other  layer  at  the  same  date,  and 
each  layer  after  accumulating  a  maximimi  amount  showed  a  decided 
decrease,  which  it  never  again  made  up. 

An  exception  was  the  24-inch  layer,  which,  while  it  showed  the 
same  phenomenon  as  distinctly,  did  not  at  any  time  accumulate 
more  nitrates  than  any  other  layer,  but  underwent  the  same  general 
changes  as  the  upper  layers. 

The  respective  soil  layers  in  the  fallow  plat  reached  their  indi- 
vidual maximum  accumulation  of  nitrates  about  a  week  earlier  than 
the  corresponding  layers  in  the  wheat  plat.  From  June  12  to  June 
19  all  soil  layers  in  both  plats  suffered  a  general  decrease  in  amounts 
of  water-soluble  nitrates.  This  occurrence  took  place  in  the  spring- 
wheat  plat  in  the  same  order  and  in  about  the  same  magnitude  as  in 
the  fallow  plat. 

Xo  evidence  could  be  brought  out  that  the  wheat-plant  roots 
drew  more  heavily  on  the  water-soluble  nitrates  in  one  6-inch  soil 
layer  than  in  any  other  at  any  time.  The  general  decrease- of  nitrates 
in  all  of  the  soil  layers  in  the  fallow  plat  masked  any  such  reduction 
by  the  wheat  if  any  occurred. 

The  com  plants  at  the  end  of  their  most  active  season  of  growth 
had  reduced  the  amounts  of  water-soluble  nitrates  in  the  soil  to  the 
same  degree  of  exhaustion  as  had  the  wheat  plants  in  the  correspond- 
ing period  of  their  development.  The  roots  of  the  com  plants  prob- 
ably used  the  nitrates  in  the  surface  soil  layer  first,  then  drew  most 
heavily  upon  the  12-inch  layer,  and  finally  upon  the  18  and  24  inch 
layers.    This  progressive  downward  feeding  of  the  com  roots  occupied 
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the  time  from  June  19  to  July  17;  at  the  latter  date  the  nitrates  haci 
probably  been  reduced  by  the  corn  roots  to  the  lowest  limit  possible. 

The  wheat  and  com  plants  reduced  the  nitrates  to  a  constant 
amount — about  15  parts  per  million  in  the  dry  soil.  The  wheat 
removed  the  moisture  also  to  a  fairly  constant  degree,  namely,  about 
15  per  cent. 

Denitrification,  as  measured  by  the  nitrites  foimd,  could  not; 
account  for  the  changes  occurring  in  the  nitrate  content  in  the  soil 
layers. 

No  correlation  could  be  established  between  the  amounts  of  nitrates 
and  the  air  temperature  or  between  the  nitrates  and  the  soil  moisture. 

Translocation  of  the  nitrates  by  rain  could  not  account  for  the 
seasonal  changes  in  the  amounts  of  nitrates  in  the  different  soil  layers. 

The  general  increase  and  decrease  in  water-soluble  nitrates  followed 
the  same  course  in  the  fallow  plat  and  in  the  cropped  plats,  the  only- 
general  difference  being  that  there  were  more  nitrates  in  the  fallow 
plat  after  May  16  than  in  the  wheat  plat. 

It  is  suggested : 

(1)  That  the  marked  increase  in  the  amounts  of  water-soluble 
nitrates  in  the  individual  soil  layers,  followed  by  marked  decrease 
in  the  same,  and  not  at  any  time  again  reaching  the  same  quantity, 
is  due  to  a  seasonal  physiological  activity  of  the  bacterial  flora, 
depending  upon  the  climatic  and  nutritive  factors  in  the  soil,  or  else 
the  seasonal  changes  are  due  to  a  rythmic  periodicity  of  activity  in 
the  nitrifying  organisms  during  the  season,  the  nature  of  which 
could  not  be  made  clear  by  the  data  obtained. 

(2)  That  the  general  decrease  in  amounts  of  water-soluble  nitrates 
from  June  12  to  June  19  may  be  due  to  the  formation  of  albuminoid 
nitrogen  by  other  groups  of  bacteria  which  may  have  become  most 
active  at  this  time;  that  the  excessive  accumulation  of  nitrates  or 
the  accumulation  of  other  by-products  by  the  nitrifying  organisms 
may  have  inhibited  further  activity  on  their  part. 

(3)  That,  while  the  summer-fallow  plat  contained  at  the  end  of  the 
season  more  water-soluble  nitrates  than  did  the  com  and  wheat 
plats,  the  same  general  phenomena  of  nitrification  are  found  to  take 
place  in  both  fallow  and  cropped  plats;  hence  the  extended  practice 
of  summer-fallowing  would  seem  to  be  of  doubtful  value  so  far  as  the 
accumulation  of  nitrates  in  the  soils  represented  by  this  station  is 
concerned. 

Note. — Since  this  bulletin  was  put  into  type,  a  review  of  Kansas  Station  Bulletin 
161,  appearing  in  the  Experiment  Station  Record,  vol.  22,  no.  1,  p.  21,  gives  as  one 
of  the  conclusions  arrived  at  by  the  aXithors,  that  *'  bacterial  life  and  activity  seem 
to  rise  and  fall  with  more  or  less  regularity.  These  periods  of  maximum  and  mini- 
mum activity  are  to  a  certain  extent  independent  of  moisture  and  temperature,  and 
are  possibly  due  to  the  presence  of  bacterial  by-products.*'  This  conclusion  corre- 
sponds closely  with  the  work  herein  described  and  shows  that  other  bacterial  groups 
besides  the  nitrifying  flora  have  the  periodicity  mentioned  in  this  bulletin. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Depabtment  of  Aoricultuke, 

BuBEAU  OF  Plant  Industry, 

Office  of  the  Chief, 
Washingtoriy  D.  G.,  December  16 j  1909. 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
'*The  Control  of  Peach  Brown-Rot  and  Scab/'  by  Mr.  W.  M.  Scott, 
Pathologist  in  Charge  of  Orchard  Spraying  Experiments  and  Demon- 
strations, and  Mr.  T.  W.  Ayres,  Scientific  Assistant,  Fruit-Disease 
InYestigations,  and  recommend  it  for  publication  as  a  bulletin  of  the 
special  series  of  this  Bureau. 

The  summer  spraying  of  peaches  has  for  years  been  a  puzzling 
problem  on  account  of  the  injury  to  the  foliage  resulting  from  the  use 
of  various  mixtures.  After  repeated  trials  a  fungicide  was  found  in 
1907  in  the  form  of  self-boiled  lime-sulphur  which  prevents  diseases 
without  injury  to  the  foUage. 

The  experiments  with  this  material  were  repeated  on  a  larger  scale 
in  1908.  During  the  past  season  (1909)  the  treatment  was  demon- 
strated on  a  block  of  5,000  trees  and  further  details  were  worked  out 
by  experiment.  The  present  paper  describes  these  demonstrations 
and  experiments  and  gives  a  summary  of  the  three  seasons'  work, 
with  recommendations  for  the  treatment  of  orchards. 
Respectfully, 

B.  T.  Galloway, 

Chief  of  Bureau, 

Hon.  jA^rBS  Wilson, 

Secretary  of  Agriculture. 
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PLATER. 

Plate  I.  Peaches  affected  with  brown-rot,  showing  the  destructive  work  of  the 

disease  and  the  rotten,  moldy  appearance  of  the  fruit Frontispi  ece 

II.  Two  crates  of  Elberta  peaches  picked  from  the  experimental  plats  at 
Fort  Valley,  Ga.,  on  July  9,  1909,  shipped  by  refrigerator  car  to 
New  York,  and  then  by  express  to  Washington,  D.  C,  showing  the 
difference  in  the  amount  of  brown-rot  developed 28 

III.  Peach  scab.     Fig.  1.— Two  unsprayed  Elberta  peaches  affected  with 

scab,  showing  the  black  spots  and  cracks  produced  by  the  disease. 
Fig.  2. — Crop  from  an  unsprayed  Elberta  peach  tree,  showing  all 
the  fruit  affected  with  scab  and  86  per  cent  of  it  unmerchantable. 
Sleepy  Creek,  W.  Va.,  August  27,  1909 28 

IV.  Peach  scab.     Fig.  1. — Crop  of  Elberta  peaches  from  a  tree  sprayed 

once  with  self-boiled  lime-sulphur.  Good,  merchantable  fruit  in 
the  pile  and  unmerchantable,  scabby  fruit  on  the  notebook  at  the 
top.  Sleepy  Creek,  W.  Va.,  August  27,  1909.  Fig.  2.— The  same 
unsprayed  crop  shown  in  Plate  III,  figure  2,  sorted  for  the  market. 
The  laige  pile  on  the  right  is  unmerchantable,  scabby  fruit,  that 
on  the  left  representing  all  that  was  suitable  for  packing 28 

TEXT   FKiURE. 

Fig.  1. — An  old  brown-rot  mummy  with  the  cup-shaped  bodies  (apothecia)  of 

the  fungus,  in  which  myriads  of  ascospores  are  produced 12 
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THE  CONTROL  OF  PEACH  BROWN-ROT  AND 

SCAB. 


niTRODnCTION. 

The  susceptibility  of  peach  foliage  to  injury  from  applications  of 
the  usual  copper  fungicides  has  largely  prohibited  summer  spraying  for 
the  control  of  peach  diseases.  The  diseases  preventable  by  dormant 
spraying,  such  as  leaf-curl  and  the  California  peach  blight,  have 
been  easily  overcome,  but  those  requiring  summer  treatment  have, 
as  a  rule,  been  allowed  to  go  unchecked  for  the  want  of  a  suitable 
fungicide.  The  peach  has  therefore  largely  had  to  fight  its  own 
battles  against  some  of  its  worst  enemies,  with  the  result  that  the 
growers  of  this  fruit  have  annually  sustained  heavy  losses. 

During  the  past  few  years  the  Bureau  of  Plant  Industry  has 
endeavored  to  develop  a  fungicide  that  could  be  safely  used  on  the 
peach  during  the  growing  season  to  prevent  some  of  the  diseases  of 
the  fruit  and  foliage.  Various  copper  compounds  in  both  liquid  and 
dust  fonn  were  tested  without  satisfactory  results.  Experiments 
with  sulphur  in  various  forms  showed  that  the  soluble  sulphids  were 
even  more  caustic  than  Bordeaux  mixture,  and  no  encouragement 
was  obtained  from  the  work  until  the  so-called  self-boiled  lime- 
sulphur  mixture  was  tested. 

In  the  experiments  of  1907,  the  results  of  which  were  published  in 
Circular  No.  1  of  the  Bureau  of  Plant  Industry,"  it  was  found  that 
self-boiled  lime-sulphur  could  be  used  as  a  spray  on  the  peach  without 
mjury  to  fruit  or  foUage.  Brown-rot  infections  were  held  down  to 
10  per  cent  of  the  crop,  while  73  per  cent  of  the  fruit  on  the  unsprayed 
trees  rotted.  The  same  treatment  prevented  the  peach  scab,  or 
black-spoty  and  some  leaf  diseases. 

Experiments  conducted  by  the  writers  during  1908  at  Marshall ville, 
Ga.,  Bentonville,  Ark.,  and  Neoga,  111.,  verified  the  previous  year's 
results  and  gave  sufficient  data  to  warrant  the  recommendation  of 
this  mixture  for  general  use  in  peach-growing  districts  where  brown- 
rot  and  scab  are  prevalent.  The  results  of  the  1908  experiments, 
with  su^estions  for  the  treatment  of  brown-rot  and  scab,  were  pub- 
lished in  Qrcular  No.  27  of  the  Bureau  of  Plant  Industry. 

<> These  results  were  first  reported  by  the  writer  at  the  Jamestown  meeting  of  the 
^erican  Pomolpgical  Society,  September  25,  1907,  and  were  published  in  the  pro- 
ceedings of  that  meeting.    They  were  also  presented  before  the  Missouri  State  Hor- 
ticultuml  Society,  December  5,  1907,  by  Mr.  F.  W.  Faurot,  who  assisted  in  the  work. 
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During  the  past  season  (1909)  the  work  on  this  important  problem 
was  carried  out  on  a  large  scale  somewhat  in  the  nature  of  a  demon- 
stration. The  results  of  this  work,  together  with  directions  for  pre- 
paring and  applying  the  mixture  for  the  treatment  of  brown-rot  and 
scab,  are  presented  in  the  following  pages. 

The  peach  grower  now  has  at  his  command  an  effective  weapon 
with  which  to  combat  two  of  his  worst  fungous  enemies — brown-rot 
and  scab.  In  view  of  the  excellent  results  obtained  from  the  experi- 
ments of  the  past  three  years,  the  writers  are  of  the  opinion  that 
self-boiled  Ume-sulphur  will  soon  become  almost,  if  not  quite,  as 
indispensable  to  the  peach  grower  as  Bordeaux  mixture  has  been 
to  the  apple  grower. 

PEACH  BBOWN-BOT. 

HISTORY   OF  THE   DISEASE. 

The  fungus  causing  brown-rot  was  first  described  by  Persoon  *  in 
1796  as  Torvla  fructigena,  and  he  later  transferred  it  to  the  genus 
Monilia.  In  1893  Schroter^  placed  the  fungus  in  the  ascomycetous 
genus  Sclerotinia,  although  its  perfect  stage  was  not  known  until 
discovered  by  Norton^  in  1902.  The  fungus  is  reported  by  Saccardo  ^ 
as  occurring  in  Great  Britain,  Grermany,  France,  Italy,  Belgium,  and 
Austria,  as  well  as  in  the  United  States.  Perhaps  the  first  to  recog- 
nize it  as  of  economic  importance  were  Von  Thiimen*  and  Hallier^ 
and  it  has  been  discussed  by  Frank,  ^  Prilleux,*  Wehmer,*  Sorauer,^ 
Woronin,*  Aderhold,'  and  other  European  writers  who  have  con- 
tributed largely  to  our  knowledge  of  the  life  history  of  this  fungus. 

In  the  United  States  this  disease  has  been  known  for  many  years 
and  lias  had  more  or  less  attention  from  nearly  all  the  pathologists  of  this 
country.  In  1881  Peck »»  gave  what  appears  to  be  the  first  economic 
account  of  the  disease,  and  since  that  time  it  has  been  the  subject 
of  study  by  a  large  number  of  investigators,  notably  Arthur,*  Gallo- 

«  Observationes  Mycologicse,  vol.  1,  p.  26. 

b  Kryptogamen  Flora  von  Schlesien,  vol.  3,  Pilze,  p.  67. 

<■  Transactions,  Academy  of  Science,  St.  Louis,  vol.  12,  no.  8,  1902,  pp.  91-97. 

dSylloge  Fungorum,  vol.  4,  1886,  p.  34. 

'^  Oesterreichcs  Landwirtachaftliches  Wochenblatt,  no.  41,  1875,  p.  484;  see  also 
Fungi  Pomicoli,  1879,  pp.  22-24. 

/Wiener  Obst-  und  Garten-  Zeitung,  1876,  p.  117. 

(?  Krankheiten  der  Pfianzen,  2d  ed.,  vol.  2,  1896,  p.  360. 

^Maladies  dos  Plantes  Agrirolos,  vol.  2,  1897,  pp.  449-453. 

i  Berichle  dor  Deutschen  Botanischen  Gesellschaft,  vol.  16,  1898,  pp.  298-300. 

iBerichte  der  Deutschen  Botani.«»chen  Gesellschaft,  vol.  17,  1899,  pp.  186-189. 

*  M6moire8  de  rAcad6mie  Imp^riale  des  Sciences  de  St.-P^tersbourg,  ser.  8,  vol. 
10,  no.  5,  1900,  pp.  18-29. 

I  Berichte  der  Deutachen  Botanischen  Gesellschaft,  vol.  22, 1904,  pp.  262-266. 

"»  Thirty-fourth  Report,  New  York  State  Museum,  Natural  History,  1881,  pp.  34--36. 

n  Fourth  Report,  New  York  Agricultural  Exporiment  Station,  1886,  pp.  281-285. 
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way,*  Erwin  F.  Smith,''  Humphries^  and  Quaintance.**  VariDus 
other  articles  dealing  principally  with  the  treatment  of  this  disease 
have  appeared  in  bulletins  of  the  state  experiment  stations  and  cf 
the  United  States  Department  of  Agriculture,  and  in  agricultural 
journals. 

Hygienic  measures,  such  as  the  removal  of  rotting  and  munmiied 
fniits  and  the  pruning  out  of  diseased  twigs,  have  been  strongly 
recommended  for  the  control  of  brown-rot,  and  most  writers  have 
advised  spra3'ing  with  dilute  Bordeaux  mixture;  but  only  in  rare 
instances  have  these  remedial  measures  been  successful.  In  spite  of 
the  fact  that  in  a  wet  season  when  treatment  is  most  needed  Bordeaux 
mixture  and  other  copper  compounds  injure  peach  leaves  and  defoli- 
ate the  trees,  nearly  all  the  recent  pubUcations  on  the  subject  have 
recommended  spraying  with  these  fungicides,  the  authors  believing 
that  the  benefit  would  more  than  counterbalance  the  injury. 

ECX>NOMIC   IMPORTANCE    OF   THE   DISEASE. 

With  the  possible  exception  of  peach  yellows,  which  kills  the  tree 
outright,  brown-rot  has  for  years  been  recognized  as  the  most  destruc- 
tive disease  of  stone  fruits,  such  as  peaches,  plums,  and  cherries.  It 
also  affects  the  apple,  pear,  and  quince,  but  only  in  rare  cases  does 
it  become  a  serious  pest  on  these  pomaceous  fruits.  The  disease  is 
well  distributed  over  the  United  States,  and  in  most  of  our  humid 
sections  it  has  practically  prohibited  the  commercial  production  of 
the  European  plum  and  often  destroys  a  large  portion  of  the  crops  of 
peaches,  Japanese  plums,  and  cherries.  The  average  annual  loss  to 
the  peach  growers  of  this  coimtry  easily  reaches  $5,000,000.  Quaint- 
ance «  estimated  the  loss  in  Georgia  for  the  year  1900  at  from  $500,000 
to  $700,000.  The  number  of  bearing  trees  in  that  State  has  more 
than  doubled  since  that  time  and  the  brown-rot  has  not  abated  in  the 
least,  so  that  a  conservative  CvStimate  of  the  loss  at  the  present  time 
with  a  fair  crop  of  fruit  set  and  under  average  brown-rot  conditions 
would  be  $1,000,000;  in  fact,  the  writers  are  convinced  that  the  loss 
during  the  past  season,  with  only  a  third  of  a  crop,  almost  reached 
that  figure.  Similar  losses  occur  in  other  Southern  States,  and  the 
more  northerly  peach  districts  are  by  no  means  exempt.  Dr.  Erwin 
F.  Smith  ^  placed  the  loss  on  the  Chesapeake  and  Delaware  peninsula 

"Report,  Commissioner  of  Agriculture,  1888,  pp,  349-352. 

*  Journal  of  Mycology,  vol.  5,  no.  3,  1889,  pp.  123-134;  also  vol.  7,  no.  J,  1891, 
pp. 36-39. 

« Eighth  Report,  Massachusetts  Agricultural  Experiment  Station,  1891,  p.  213;  also 
Botanical  Gazette,  vol.  18, 1893,  pp.  85-93. 

^  Bulletin  50,  Georgia  Agricultural  Experiment  Station,  1900,  pp.  237-269. 

^Bulletin  50,  Georgia  Agricultural  Experiment  Station,  1900,  p.  245. 

/Journal  of  Mycology,  vol.  5,  no.  3,  1889,  pp.  123-134. 
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in  1888  at 800,000  baskets  (of  five-eighths  of  a  bushel),  worth  $400,000, 
which  he  considered  a  very  conservative  estimate.  The  same  writer 
states  that  the  following  spring  (April  and  May,  1889)  this  section 
experienced  an  outbreak  of  the  brown-rot  on  the  blossoms  and  young 
fruits  which  destroyed  the  greater  part  of  the  peach  crop  in  four 
counties,  resulting  in  a  loss  of  at  least  500,000  baskets. 

Dr.  C.  P.  Clinton"  reports  that  in  Connecticut  ''brown-rot  of 
peaches  and  pliuns  is  always  present  at  harvest  time,  some  seasons 
becoming  so  prevalent  that  it  sweeps  away  a  large  part  of  the  profits 
in  a  few  days.''  The  same  may  be  said  of  the  prevalence  of  this  dis- 
ease in  Michigan,  Missouri,  Arkansas,  and  in  other  peach-growing; 
States. 

In  California,  Prof.  Ralph  E.  Smith*  reported  that  during  1905 
and  1906  the  brown-rot  was  *' quite  abundant  and  destructive  on 
apricots,  some  plums,  and  early  peaches,  especially  near  the  coast." 
It  has  also  been  reported  from  Oregon  by  Prof.  A.  B.  Cordley  ^  as 
causing  excessive  rotting  of  plums  in  1897  and  1898  and  to  a  less 
extent  affecting  peaches. 

The  effect  of  this  disease  does  not  cease  with  the  fruit  growers,  but 
is  felt  by  the  transportation  companies,  the  commission  men,  and 
the  consumers.  Although  the  fruit  may  be  carefully  sorted  at  the 
packing  house  and  only  sound  specimens  packed,  the  disease  often 
continues  to  develop  en  route  to  market,  especially  if  the  refrigera- 
tion is  not  good.  In  an  orchard  where  the  disease  is  prevalent,  the 
healthy  fruits  easily  become  contaminated  through  handling  by  the 
pickers  and  packers,  and  enough  moisture  develops  in  the  car  through 
the  ^'sweating''  of  the  fruit  to  germinate  the  spores.  It  thus  not 
infrequently  happens  that  peaches  from  tlie  Southern  States  reach 
the  market  ''specked''  and  must  be  sold  at  half  the  value  of  sound 
fruit.  The  commission  man  is  often  blamed  by  the  shipper  for  the 
low  returns  received,  when  the  trouble  Is  really  due  to  brown-rot. 
On  several  different  occasions  the  senior  writer  has  been  in  the  New 
York  market  when  from  thirty  to  over  a  hundred  cars  of  southern 
peaches  were  sold  from  2  to  6  o'clock  in  the  morning  and  25  to  50  per 
cent  of  the  fruit  from  a  large  number  of  these  cars  was  foimd  to  be 
affected  with  brown-rot.  In  recent  years  this  condition  has  so  often 
prevailed  that  the  board  of  health  of  New  York  City  deemed  it  neces- 
sary to  designate  a  special  health  officer  whose  duty  is  to  inspect  the 
fruit  as  it  is  unloaded  from  the  cars  and  prohibit  the  sale  of  such  as 
is  badly  affected  with  brown-rot.  Fruit  arriving  in  poor  condition 
demoralizes  the  market  to  such  an  extent  that  where  50  cars  of  sound 

a  Report,  Connecticut  Agricultural  Experiment  Station,  1903,  p.  286. 
ft  Bulletin  184,  California  Agricultural  Experiment  Station,  p.  248. 
c  Bulletin  57,  Oregon  Agricultural  Experiment  Station,  pp.  3-5. 
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peaches  may  be  readily  sold  at  good  prices  15  or  20  cars  of  fruit 
specked  with  brown-rot  are  sufficient  to  create  a  ''glut"  and  often 
bring  scarcely  enough  to  pay  expenses. 

NATUBE  OP  THE   DISEASE   AND  THE  FUNGUS   CAUSING  IT. 

Brown-rot  is  a  fungous  disease  which  affects  the  fruit  of  the  peach , 
causing  it  to  decay  on  the  trees  or  en  route  to  market.  As  already 
stated,  it  is  caused  by  a  fungus  whose  botanical  name  is  Sclerotinia 
frudigena  (P.)  Schrot.  Many  fruit  growers  call  it  Monilia,  the  name 
giyen  to  the  summer  stage  of  the  fungus  before  the  perfect  form  was 
known.  The  fungus  also  attacks  the  blossoms  and  twigs,  thus  often 
destroying  a  portion  of  the  fruit  crops  at  blooming  time.  The  dis- 
eased blossoms  turn  brown  and  become  dried,  adhering  to  the  twigs 
for  some  weeks.  The  fungus  may  extend  from  the  dead  blossom  into 
the  bark,  forming  a  small  brown  canker  which  frequently  girdles  the 
twig.  In  low,  damp  situations,  especially  in  a  wet  spring,  many 
blossoms  and  fruit-bearing  twigs  may  thus  be  destroyed.  Some  of 
the  green  fruits  may  become  affected  at  any  time  during  the  season, 
and  even  young  peaches  half  an  inch  or  less  in  diameter  may  rot,  but 
as  anile  no  serious  outbreak  occurs  until  the  fruit  is  nearing  maturity. 
It  is  at  harvest  time  ordinarily  that  the  greatest  destruction  is 
wrought. 

On  the  fruity  brown-rot  may  at  first  be  observed  as  a  small  circular 
brown  spot,  which  imder  favorable  conditions  rapidly  enlarges,  until 
within  two  or  three  days  the  entire  peach  goes  down  in  decay.  While 
the  spot  is  yet  small,  whitish  tufts  of  spore-bearing  threads  begin  to 
appear.  As  the  spot  enlarges,  these  tufts,  arranged  more  or  less  in 
concentric  rings,  become  so  numerous  as  nearly  to  cover  the  surface, 
giring  the  diseased  area  a  grayish,  moldy  appearance.*  (See  PL  I.) 
Most  of  the  rotten  fruit  drops  to  the  ground,  but  a  considerable  por- 
tion of  it  may  shrivel  up  on  the  tree  and  remain  attached  until  the 
foDowing  season.  As  in  the  case  of  diseased  blossoms,  the  fungus 
may  extend  from  the  rotting  peaches  into  the  twigs,  killing  them  and 
thus  reducing  the  prospects  of  a  crop  the  following  year.  In  a  wet 
season  some  varieties  suffer  so  badly  from  twig  infections  that  the 
trees  have  the  appearance  of  a  pear  tree  attacked  by  blight. 

The  fungus  passes  the  winter  in  the  munmiified  peaches  hanging 
on  the  trees,  as  well  as  in  those  that  have  fallen  to  the  ground. 
During  the  spring  and  simomer,  especially  in  wet  weather,  the  fungus 
in  these  mummies  produces  large  crops  of  summer  spores  for  the 
infection  of  the  new  fruit  crop.  In  the  mummies  on  the  groimd  the 
fungus  forms  a  black  leathery  sclerotium,  which  is  the  foundation  of 
another  kind  of  spore  production.  In  the  spring,  during  the  blooming 
period,  small,  brown  cup-shaped  bodies  (apothecia),  resembling  toad- 
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stools,  about  one-half  inch  in  diameter,  are  produced  from  mummies 
which  have  remained  on  the  ground  through  two  winters  partially  or 
entirely  covered  with  soil.     (See  fig.  1.)     One  mummy  may  produce 
ten  to  fifteen  of  these  bodies,  each  of  which  produces  myriads  of 
ascoajTores.     When  disturbed  by  a  puff  of  wind  a  little  cloud  of  spores 
may  be  seen  to  rise  into  the  air  from  one  of  the  cups.     These  ascospore-s 
as  well  as  the  conidia,  serve  to  infect  the  blossoms.     A  crop  of  sum- 
mer spores  is  in  turn  produced  on  the  diseased  blossoms  and  some  of 
the  young,  green  fruits  become  infected  by  these,  so  that  there  is 
usually  a  great  abundance  of  material  ready  for  the  infection  of  the 
mature   crop  of   fruit, 
even  if  the  old  mummies 
have  been  removed  from 
the  trees. 

It  has  for  years  been 
recommended  that  the 
rotten  fruit  be  picked 
from  the  trees  and  from 
the  ground  and  destroy- 
■  ed  in  order  to  remove 
the  source  of  infection 
for  the  followii^  year's 
crop.  This  is  a  good 
practice,  but  it  is  usually 
disappointing,  because 
the  fungus  is  so  prolific 
in  spore  production  that 
tlie  few  mummies  that 
inevitably  escape  the 
pickers  are  sulhcient  to 
fumisli  the  initial  infec- 
""■  P™"'"™''-  tion  material  for  the  en- 

tire crop  of  the  following  year.  Protection  of  the  fruit  by  spray- 
ing appears  to  be  the  only  satisfactory  means  of  combating  this 
fungus,  although  the  destruction  of  disoised  fruits  doubtless  aids  in 
cliccking  it  and  should  not  be  discouraged. 

INFLUENCE    OF   THE    WEATHER. 

Most  i)arasitic  fungi  are  influenced  by  weather  conditions.  This 
is  especially  true  of  the  brown-rot  fungus.  Moisture  not  only  favors 
the  (TTOwth  of  the  fungus  and  the  production  and  germination  of  tlie 
spores,  but  it  abo  renders  the  fruit  tender  and  watery  and  therefore 
more  susceptible  to  rot.  In  a  dry  season,  or  one  with  only  occasional 
rains  of  short  duration,  a  peach  crop  may  be  expected  to  reach  maturitj' 
practically  free  from  rot,  particularly  if  the  weather  is  cool;  but  when 
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a  series  of  cloudy  days  with  frequent  showers  occurs  about  picking 
time,  half  or  even  all  of  the  crop  may  be  destroyed  by  brown-rot. 
Prolonged  cloudy,  drizzly  weather,  even  though  the  precipitation 
may  not  be  great,  is  far  more  dangerous  than  a  heavy  rain  followed  by 
clearing.  Hot  weather  also  favors  the  rapid  growth  of  the  fungus 
and  increases  the  danger  of  its  destroying  the  crop. 

INFLUENCE   OF   INSECTS. 

The  spores  are  undoubtedly  distributed  broadcast  by  the  wind,  so 
that  they  are  in  most  cases  ever  present  on  the  fruit  ready  to  pro- 
duce an  outbreak  of*  the  disease  when  the  conditions  are  favorable. 
Although  the  fungus  appears  to  be  able  to  enter  the  peach  through 
the  unbroken  skin,  entrance  is  more  readily  accomplished  through 
abrasions  such  as  are  made  by  insects  and  through  cracks  due  to  the 
scab  fungus.     Sucking  insects  of  the  squash-bug  family  (Coreidae)  have 
been  observed  to  puncture  healthy  and  diseased  fruits  indiscrimi- 
nately,* thus  not  only  distributing  the  spores  but  probably  inserting 
them  into  the  peach.     But  the  curculio  is  by  far  the  worst  offender. 
It  breaks  the  skin  of  the  peach  and  leaves  a  wound  through  which 
the  fungus  readily  gains  entrance.    Although  the  wound  may  appar- 
ently heal  before  an  outbreak  of  rot  occurs,  an  exudation  of  gum  often 
keeps  it  open  sufficiently  to  admit  the  fungus.     The  work  of  this 
insect  greatly  reduces  the  efficiency  of  fungicides  applied  for  the  con- 
trol of  brown-rot.     It  punctures  the  fruit  tlirough  the  coating  of 
spray,  possibly  inserting  brown-rot  spores  and  certainly  leaving  an 
opening  for  the  fungus.     In  experiments  conducted  by  the  Bureau  of 
Plant  Industry  in  cooperation  with  the  Bureau  of  Entomology  it  was 
found  that  93  per  cent  of  the  brown-rot  infections  on  sprayed  fruit 
had  taken  place  through  curculio  punctures.     It  is  evident,  therefore, 
that  in  order  to  secure  the  best  results  from  spraying  for  brown-rot, 
the  curculio  must  also  be  controlled. 

PBACH  SCAB. 
CHARACTER   OF   THE   DISEASE. 

Peach  scab  is  a  disease  caused  by  the  fungus  Cladosporiiim  cnrpo- 
phlum  Thum.  It  is  also  known  as  black-spot,  and  poadi  growers 
often  call  it  '* freckles,''  which  is  an  appropriate  name,  owing  to  the 
freckled  appearance  the  disease  gives  to  the  fruit.  The  spots  are 
dwk  brown  or  blackish,  circular  in  outline,  and  about  ono-ei<2;hth  of 
an  inch  or  less  in  diameter.  They  are  often  so  numerous  that  one 
ride  of  the  peach  has  a  '^smutty ''  or  blackish  appearance,  cracks  open, 
and  shrivels.     (See  PL  III,  fi^.  1  and  2.) 

"Scott  and  Piake.    Bulletin  31,  Division  of  Entomology,  U.  S.  I)ept.  of  Agricul- 
ture, p.  29. 
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The  disease  mars  the  appearance  of  affected  fruit,  reducing  its 
market  value  and  often  rendering  much  of  it  unsalable.  The  large 
cracks  wliich  occur  in  severe  cases  open  the  way  for  brown-rot,  and 
in  addition  the  skin  under  the  individual  spots  is  usually  broken, 
exposing  the  peach  to  attacks  of  the  fungus.  Preventing  the  scab  is 
therefore  an  important  step  in  the  control  of  brown-rot. 

The  fungus  forms  brown  spots  on  the  twigs  where  it  passes  the 
winter.  So  far  as  is  known  at  present,  these  twig  spots  are  the  chief 
source  of  infection  of  the  fruit.  Fruit  infection  begins  to  take  place 
about  three  to  four  weeks  after  the  petals  fall,  although  the  spots  do 
not  show  until  about  three  weeks  later.  Infections  continue  to  take 
place  until  about  a  month  before  the  fruit  matures. 

ECONOMIC  IMPORTANCE  OP  THE  DISEASE. 

Peach  scab  has  been  known  in  this  country  for  many  years,  and 
it  occurs  to  an  injurious  extent  wherever  peaches  are  grown  east  of 
the  Rocky  Mountains.  The  damage  done  by  this  disease  is  appar- 
ently not  fully  realized  by  peach  growers.  Scab  spots  are  so  com- 
mon on  the  peach  that  most  of  the  eastern  growers  have  come  to 
take  the  disease  as  a  matter  of  course  and  scarcely  realize  that  their 
fruit  is  bringing  25  per  cent  less  in  the  market  than  the  same  fruit 
free  from  scab  would  bring.  Moreover,  the  fungus  has  a  tendency 
to  dwarf  the  fruit  and  prevent  it  from  attaining  full  size,  so  that  a 
considerable  loss  in  yield  is  thus  sustained. 

On  the  other  hand,  some  growers  recognize  it  as  their  worst  enemy, 
and  in  many  localities  it  practically  prohibits  the  growing  of  certain 
varieties.  Some  of  the  large  orchards  in  the  mountains  of  West  Vir- 
ginia and  western  Maryland  have  sustained  heavy  losses  from  this 
disease,  and  the  growers  have  been  obKged  to  confine  their  plantings 
of  such  late  varieties  as  Bilyeu  and  Salway  to  the  high  ridges  in  order 
to  avoid  scab.  The  Bilyeu  is  very  valuable  commercially,  but  the 
scab  has  restricted  its  successful  production  to  the  higher  points. 

It  has  been  known  for  some  years  that  peach  scab  could  be  con- 
trolled by  applications  of  Bordeaux  mixture,  but  its  use  for  this  pur- 
pose has  been  <liscouraged  b}''  its  injurious  effects  upon  peach  foliage. 
The  disease  has  therefore  been  practically  without  a  satisfactory 
remedy, 

SPBAYXNG  FOB  THE  CONTROL  OF  PEACH  BBOWN-BOT  AND  SCAB 

IN  1909. 

As  stated  in  the  introduction  of  this  paper,  peach  brown-rot  and 
scab  were  effectively  controlled  by  spraying  with  a  self-boiled  lime- 
sulphur  mixture  in  experiments  conducted  during  1907  and  1908. 
The  work  of  1907  was  confined  to  small  plats  in  one  orchard,  while 
that  of  1908  involved  several  orchards  in  different  localities,  aggre- 
gating about  2,000  trees. 
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During  1909,  in  order  to  place  the  treatment  on  a  better  commercial 
basis,  large  blocks  of  several  different  varieties,  comprising  over  5,000 
trees,  were  sprayed.  This  was  more  in  the  nature  of  a  demonstration 
than  an  experiment,  although  some  features  of  the  work  were  purely 
experimental,  as  will  be  seen  in  the  following  pages.  In  addition 
to  this  block,  about  7,000  trees  in  the  same  orchard  were  sprayed 
by  the  owner  under  the  supervision  of  the  writers. 

The  work  was  conducted  in  the  orchard  of  the  Hale  Georgia 
Orchard  Company,  at  Fort  Valley,  Ga.,  and  the  writers  are  indebted 
to  Mr.  J.  H.  Hale,  president  of  the  company,  and  Mr.  J.  H.  Baird, 
its  superintendent,  for  their  hearty  cooperation  and  valuable  assist- 
ance. This  orchard  was  in  good  condition,  having  been  well  cul- 
tivated, fertilized,  and  pruned,  but  in  recent  years  the  brown-rot 
had  become  exceedingly  bad.  The  crop  of  1908  was  largely  lost 
on  account  of  brown-rot,  scab,  and  curculio,  and  the  conditions  were 
particularly  favorable  for  a  severe  test  of  the  self-boiled  lime-sulphur 
treatment.  Unfortunately,  however,  in  this  orchard,  as  in  most 
of  the  Georgia  orchards  the  past  season,  the  crop  was  very  light  for 
all  varieties  and  the  yield  per  tree  quite  low,  but  the  value  of  spraying 
was,  nevertheless,  strikingly  demonstrated. 

The  spraying  was  done  with  a  power  outfit  consisting  of  a  2-horse- 
power  gasoline  engine,  a  triplex  pump,  a  200-gallon  tank,  a  propeller 
agitator,  two  25-foot  leads  of  discharge  hose,  Vermorel  nozzles,  etc. 
The  mixture  was  prepared  according  to  the  following  formula  and 
directions. 

PREPARATION   OF   SELF-BOILED   LIME-SULPHUR  MIXTURE. 

The  mixture  used  in  our  experiments  during  the  past  season  was 
composed  of  8  pounds  of  fresh  stone  lime  and  8  pounds  of  sulphur 
(either  flowers  or  flour  may  be  used)  to  50  gallons  of  water.  This 
appears  to  be  about  the  correct  strength,  although  in  mild  cases  of 
scab  and  brown-rot  a  weaker  mixture,  containing  6  pounds  of  each 
ingredient  to  50  gallons  of  water,  may  be  used  with  satisfactory 
results.  The  mixture  can  best  be  prepared  in  rather  large  quantities — 
say,  enough  for  200  gallons  at  a  time,  making  the  formula  32  pounds 
of  lime  and  32  pounds  of  sulphur,  to  be  cooked  with  a  small  quantity 
of  water  (8  or  10  gallons)  and  then  diluted  to  200  gallons. 

The  lime  should  be  placed  in  a  barrel  and  enough  water  poured  on 
to  almost  cover  it.  As  soon  as  the  lime  begins  to  slake  the  sulphur 
should  be  added  after  first  running  it  through  a  sieve  to  break  up  the 
.  lumps.  The  mixture  should  be  constantly  stirred  and  more  water 
added  as  needed  to  form  a  thick  paste  at  first  and  then  gradually  a 
thin  paste.  The  lime  will  supply  enough  heat  to  boil  the  mixture 
several  minutes.    As  soon  as  it  is  well  slaked,  water  should  be  added 
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to  cool  the  mixture  and  prevent  further  cooking.     It  is  then  ready 
to  be  strained  into  the  spray  tank,  diluted,  and  applied. 

The  stage  at  which  cold  water  should  be  poured  on  to  stop  the  cook- 
ing varies  with  different  limes.  Some  limes  are  so  sluggish  in  slaking 
that  it  is  difficult  to  obtain  enough  heat  from  them  to  cook  the  mix- 
ture at  all,  while  other  limes  become  intensely  hot  on  slaking  and  care 
must  be  taken  not  to  allow  the  boiling  to  proceed  too  far.  If  the 
mixture  is  allowed  to  remain  hot  fifteen  or  twenty  minutes  after  the 
slaking  is  completed,  the  sulphur  gradually  goes  into  solution,  com- 
bining with  the  lime  to  form  sulphids,  which  are  injurious  to  peach 
foliage.  It  is  therefore  very  important,  especially  with  hot  lime, 
to  cool  the  mixture  quickly  by  adding  a  few  buckets  of  water  as  soon 
as  the  lumps  of  lime  have  slaked  down.  The  intense  heat,  violent 
boiling,  and  constant  stirring  result  in  a  uniform  mixture  of  finely 
divided  sulphur  and  lime,  with  only  a  very  small  percentage  of  the  sul- 
phur in  solution.  The  mixture  should  be  strained  to  take  out  the 
coarse  particles  of  lime,  but  the  sulphur  should  be  carefully  worked 
through  the  strainer. 

SELF-BOILED   LIME-SLT-PHUR   TREATMENT   AND  RESULTS. 

Several  different  varieties  of  peaches  were  sprayed  with  good 
results.  The  details  of  the  work  were  about  the  same  in  each  case, 
the  following  notes  on  the  Waddell  variety  serving  as  an  example 
of  the  treatment  given  and  the  results  obtained: 

Plat  1,  consisting  of  568  Waddell  trees,  was  sprayed  with  self- 
boiled  lime-sulphur  (32-32-200)  on  April  30,  about  one  month  after 
the  petals  dropped,  and  again  on  May  20,  thr^e  to  four  weeks  before 
the  fruit  ripened.  At  picking  time  the  entire  crop,  including  dropped 
fruit  from  five  average  trees  in  this  plat,  was  sorted  and  counted, 
with  the  result  that  1 7  per  cent  was  found  to  be  affected  with  brown- 
rot.  An  examination  of  the  rotting  fruits  showed  that  93  per  cent 
of  the  infections  had  taken  place  through  curculio  punctures  and 
that  aside  from  such  infections  only  1  per  cent  of  the  crop  was  affected 
with  brown-rot. 

From  a  commercial  standpoint,  the  scab  or  black-spot  was  com- 
pletely controlled,  although  16  per  cent  of  the  fruit  showed  some 
slight  infections.  None  of  the  fruit  wa^s  sufficiently  spotted  to  injure 
its  market  value. 

Check  A  consisted  of  1,357  unsprayed  Waddell  trees  in  a  block 
adjacent  to  plat  1.  Of  the  fruit  from  five  average  trees  in  this  block 
40  V  per  cent  was  affected  with  brown-rot  and  9H  per  cent  with  scab. 
About  one-third  of  the  scabby  fruit,  or  28  J  per  cent  of  the  total  crop, 
was  so  badly  spotted  and  cracked  that  it  had  to  be  discarded  as 
unmerchantable.     In  this  case  81  per  cent  of  the  brown-rot  infec- 
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tions  had  apparently  taken  place  through  curculio  punctures.  In 
the  actual  counts  of  diseased  specimens  from  plat  1,  as  compared 
with  the  unsp rayed  plat,  there  was  a  difference  in  favor  of  spraying  of 
32\  per  cent  in  the  case  of  brown-rot  and  75*  per  cent  in  the  case  of 
scab.  These  figures  do  not  tell  the  whole  story.  The  sprayed  fruit 
was  larger,  more  highly  colored,  and  presented  a  much  better  appear- 
ance in  the  package;  it  earned  to  the  market  in  better  condition  and 
commanded  a  higher  price  than  the  unsprayed  fruit. 

Plat  2  was  a  block  of  1,275  Waddell  trees  sprayed  only  once  to 
determine  the  value  of  a  single  application.  The  spraying  was  <lone 
rn  April  30,  a  month  after  the  petals  dropped.  The  intention  was 
to  niake  this  application  at  a  time,  when  it  would  be  expected  to 
accomplish  the  best  results  against  scab.  The  Waddell  is  one  of 
the  worst  of  the  early  varieties  to  scab,  and  to  control  this  disease  is 
an  important  step  in  the  control  of  brown-rot. 

The  sorting  record  of  the  fruit  from  five  trees  in  this  block  show^ed 
that  32  per  cent  w^as  affected  with  scab  and  12^  per  cent  with  brown- 
rot.  The  percentage  of  scabby  fruit  ran  rather  high,  but  the  spots 
were  mostly  small  and  scattered,  so  that  only  2  per  cent  of  the  crop 
was  badly  affected.  If  the  disease  is  kept  down  to  two  or  three 
spots  on  each  fruit  the  damage  is  very  slight  even  though  a  large 
percentage  of  the  crop  may  be  so  affected.  The  unsprayed  trees  of 
this  variety,  as  pointed  out  above,  had  OH  per  cent  of  the  fruit 
affected  with  scab,  while  28i  per  cent  of  the  crop  was  so  badly  spotted 
with  the  disease  as  to  be  unmerchantable.  One  spraying,  therefore, 
made  a  difference  of  59^  per  cent  in  the  amount  of  fruit  affected 
with  scab  and  resulted  in  an  actual  saving  of  26^  per  cent  of  the 
crop  from  destruction  by  scab. 

COMMERCIAL  BB8ULTS. 

In  order  to  determine  the  commercial  results  a  record  was  made 
of  the  marketable  fruit  from  each  plat.  The  fruit  was  brought  into 
the  packing  house,  sorted,  and  packed  in  the  usual  way.  The  number 
of  trees  in  each  plat  varied,  ranging  from  568  to  1,357,  and  for  con- 
venience of  comparison  the  average  yield  for  500  trees  in  each  plat 
is  given  as  follows:  Plat  1,  160  crates;  plat  2,  170  crates;  and  the 
check  or  unsprayed  plat,  80  crates. 

This  record  of  yield  corresponds  closely  to  the  results  expressed  in 
percentages  of  diseased  fruit  as  determined  by  sorting  the  crop  from 
five  trees  in  each  plat.  In  such  large  plats  considerable  variation  in 
the  trees  and  environment  would  naturally  be  expected  and  there 
was  perhaps  a  sufficient  difference  between  plat  1  and  plat  2  to 
account  for  the  fact  that  the  latter,  which  was  sprayed  only  once, 
had  less  brown-rot  and  more  good  fruit  than  the  former,  which  was 

174 


18  CONTROL  OF  PEACH  BROWN-ROT  AND  SCAB. 

sprayed  twice.  The  check  plat,  which  lies  between  plats  1  and  2, 
certainly  represents  something  near  the  average  conditions  for  the 
whole  block  involved  and  the  difference  in  yield  between  the  sprayed 
and  the  unsprayed  trees  was,  for  the  most  part,  undoubtedly  due 
to  the  effect  of  the  spraying.  The  application  of  self-boiled  lime- 
sulphur,  therefore,  apparently  increased  the  yield  by  100  per  cent. 

SELF-BOILED  LIME-SULPHUR  AND  ARSENATE  OF  LEAD  IN  COMBINATION. 

c 

It  has  been  known  for  many  years  that  the  curculio  is  an  important 
factor  in  the  distribution  of  brown-rot  and  that  to  prevent  the  former 
would  be  an  important  step  toward  controlling  the  latter.  In  our 
first  lime-sulphur  experiments  during  1907  the  interference  of  this 
insect  with  the  efficacy  of  spraying  for  the  control  of  brown-rot  was 
again  clearly  brought  out.  In  discussing  the  results  of  that  year's 
work  the  senior  writer  stated  that  ''the  plum  curculio  punctures  the 
skin  of  a  certain  percentage  of  the  fruit  and  admits  the  fungus  in 
spite  of  all  spraying  that  can  be  done/'  **  Although  in  most  of  our 
experiments  the  brown-rot  has  been  held  down  by  spraying  to  about 
10  to  15  per  cent  where  the  unsprayed  fruit  ran  50  to  70  per  cent  of 
brown-rot,  it  has  nevertheless  been  apparent  in  all  the  work  that 
spraying  for  brown-rot  would  not  be  entirely  satisfactory  so  long  as 
the  curcuUo  was  not  also  controlled. 

Entomologists  have  known  for  many  years  that  the  curculio  could 
be  controlled  by  the  application  of  arsenical  poisons,  but  owing  to  the 
danger  of  injury  to  both  fruit  and  foliage  they  have  very  properly 
been  cautious  about  recommending  their  use  on  peach  trees.  Mr.  A. 
L.  Quaintance,  of  the  Bureau  of  Entomology,  during  the  past  five  or 
six  years,  has  experimented  extensively  on  the  use  of  arsenate  of 
lead  for  spraying  peach  trees,  with  the  result  that  a  high  percentage 
of  curculio  injury  was  always  prevented  by  two  or  three  sprayings 
beginning  soon  after  the  petals  dropped.  In  1905  he  recommended 
with  due  caution  the  spraying  of  peach  trees  with  arsenate  of  lead  for 
the  control  of  this  insect.^  Mr.  E.  P.  Taylor,*^  of  the  Missouri  Fruit 
Experiment  Station,  recently  reported  that  during  1908  he  had 
obtained  a  high  percentage  of  fruit  free  from  curculio  by  the  use  of 
arsenate  of  lead,  with  very  little  injury  to  the  foliage.  He  also  noted 
a  very  marked  reduction  of  brown-rot  on  the  sprayed  trees. 

In  order  to  test  the  practicability  of  combining  arsenate  of  lead 
with  self-boiled  lime-sulphur  as  a  combination  treatment  for  scab, 
brown-rot,  and  curculio,  one  of  our  principal  experiment  blocks  at 
Fort  Valley,  Ga.,  was  devoted  to  tliis  purpose.     This  work  was  csv- 

«  Circular  1,  Bureau  of  Plant  Industry.  U.  S.  Dcpt.  of  Agriculture,  1908,  p.  16. 
6  Yearbook,  U.  S.  Dept.  of  Agriculture,  for  1905,  p.  329. 
<:  Journal  of  Economic  Entomology,  vol.  2,  1909,  p.  156. 
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lied  on  in  cooperation  with  Mr.  Quaintance.  A  block  of  2,324  Elberta 
peach  trees,  7  years  old,  was  selected  for  this  test  and  nearly  half 
of  it  sprayed,  the  remainder  being  left  unsprayed  as  a  check.  The 
results  of  the  treatment  were  exceedingly  satisfactory,  as  will  be  seen 
in  the  following  notes. 

The  treated  portion,  designated  as  plat  6,  consisted  of  1,100  trees, 
not  quite  half  of  the  block.     These  trees  were  sprayed  as  follows: 

(1)  With  araenate  of  lead,  2  pounds  to  50  gallons  of  water,  on  March  31,  as  the  dried 
calyces  (or  shucks)  were  shedding.  This  application  was  intended  for  the  curculio 
only,  and  as  the  date  was  too  early  for  serious  brown-rot  and  scab  infection  the  lime- 
salphur  was  omitted. 

(2)  With  &-8-^  self-boiled  lime-sulphur  and  2  pounds  of  arsenate  of  lead  combined, 
on  April  22,  three  weeks  after  the  first  treatment. 

(3)  With  eelf-boiled  lime-sulphur  alone,  on  May  21. 

(4)  With  aelf-boiled  lime-sulphur  alone,  on  June  9,  about  one  month  before  the  fruit 
ripened. 

The  curculio  treatment  necessitated  an  extra  application  before 
the  time  to  begin  using  the  fungicide,  thus  increasing  the  cost.  How- 
ever, the  cost  of  materials,  labor,  and  teams  for  these  four  sprayings 
was  only  S62.38,  or  5f  cents  for  each  tree.  Moreover,  the  writers  are 
of  the  opinion  that  only  three  applications,  as  outlined  below,  will  be 
required  to  secure  satisfactory  results,  thus  reducing  the  cost.  The 
trees  were  watched  closely  throughout  the  season  and  no  injury  to 
fruit  or  foliage  was  observed. 

When  the  mature  fruit,  including  windfalls,  from  five  average  trees 
in  this  plat  was  sorted  and  counted,  it  was  found  that  only  4^  per  cent 
was  affected  with  brown-rot,  about  half  of  which  apparently  resulted 
from  curculio  punctures.  Only  6  J  per  cent  of  the  fruit  showed  scab 
infections,  and  these  were  mostly  small,  obscure  specks.  The  cur- 
culio infestation  was  27  J  per  cent  of  the  crop. 

The  check  was  composed  of  1,224  unsprayed  Elberta  trees  adjacent 
to  the  sprayed  block.  The  trees  in  the  two  blocks  were  of  the  same  age 
and  were  growingunder  the  same  conditions  of  soil,  cultivation,  etc.,  the 
only  difference  being  that  one  block  was  sprayed  and  the  other  was 
not.  The  fruit  from  five  of  the  unsprayed  trees  when  sorted  proved  to 
be  63  per  cent  rotten,  99  per  cent  scabby,  and  97  i  per  cent  wormy 
from  curculio.  In  other  words,  the  crop  was  practically  a  total  loss. 
A  comparison  of  these  figures  with  those  of  plat  6  (the  sprayed  part) 
shows  that  spraying  saved  58  J  per  cent  of  the  crop  from  brown-rot, 
92i  per  cent  from  scab,  and  70  per  cent  from  curculio. 

COMMERCIAL  BE8ULTB. 

A  record  kept  in  the  packing  house  showed  that  the  sprayed  block 
of  1,100  trees  yielded  327J  crates  of  first-class  fruit,  while  the  un- 
sprayed block  of  1,224  trees  yielded  only  33f  crates,  all  of  which  were 
poor  in  quality.    At  the  beginning  of  the  season  the  set  of  fruit 
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appeared  to  be  about  equal  in  the  two  blocks,  but  was  very  light  in 
both.  So  far  as  could  be  determined,  the  difference  in  yield  was  due 
entirely  to  spraying.  It  appears,  therefore,  that  in  the  combined 
self-boiled  limenbulphur  and  arsenate  of  lead  spray  we  have  an  effect- 
ive remedy  for  the  peach  scab,  brown-rot,  and  curculio,  the  yield 
from  the  sprayed  trees  in  tliis  instance  being  ten  times  that  from  tlie 
imsprayed  trees. 

MARKETING  TEST. 

In  order  to  determine  the  carrying  quality  and  market  value  of  the 
sprayed  as  compared  with  the  unsprayed  fruit,  two  cars  of  peacfa.es 
from  the  experiment  blocks  were  shipped  to  New  York,  examined  on 
arrival,  and  sold  in  the  usual  way  through  a  commission  house.  This 
test  was  accomplished  through  the  cooperation  of  Mr.  Hale  and  the 
Georgia  Fruit  Growers'  Exchange. 

The  fruit  for  the  first  car  was  picked  on  Friday,  July  9,  in  a  drizzling 
rain,  but  was  not  loaded  and  billed  out  until  the  following  day.  It 
was  due  on  the  New  York  market  the  following  Tuesday  morning, 
but  was  delayed  en  route  and  was  not  sold  until  Wednesday  morning, 
July  14.  This  car  contained  Elberta  peaches  from  the  lime-sulphur— 
arsenate-of-lead  block  and  from  the  adjacent  check  block,  Belle 
peaches  sprayed  three  times  with  lime-sulphur  alone,  and  unsprayed 
Belles.  The  market  was  almost  glutted  with  poor  fruit  and  the 
prices  were  at  about  the  lowest  point  of  the  season.  The  fruit  vras 
sold  at  the  following  prices : 

Sprayed  Elbertas $2. 00   per  crate. 

Unsprayed  Elbertas 1.50   per  crate. 

Sprayed  Belles 1.  25   per  crate. 

Unsprayed  Belles 1. 12J  per  crate. 

The  fruit  of  the  second  car  was  picked  on  Monday,  July  12,  and 
was  sold  on  Thursday  morning,  July  15. .  This  car  contained  Elbertas 
sprayed  twice  and  Belles  sprayed  three  times  with  the  self-boiled 
lime-sulphur;  also  unsprayed  fruit  of  both  varieties.  The  fruit  of 
this  car  brought  the  following  prices: 

Sprayed  Elbertas $1. 46  per  crate. 

Unsprayed  Elbertas 1.  25  per  crate. 

Sprayed  Belles 1. 50  per  crate. 

Unsprayed  Belles 1. 14  per  crate. 

In  the  first  car  the  difference  in  favor  of  the  sprayed  fruit  was  50 
cents  a  crate  for  Elbertas  and  12^  cents  a  crate  for  Belles.  In  the 
second  car  it  was  20  cents  a  crate  for  Elbertas  and  36  cents  a  crate  for 
Belles.  An  examination  of  several  crates  of  Elbertas  showed  that  34 
per  cent  of  the  unsprayed  fruit  was  specked  with  brown-rot,  while 
only  6  per  cent  of  the  sprayed  fruit  was  so  aflFected.  (See  PL  II.) 
This  difference  in  market  value  was  due  to  the  fact  that  the  sprayed 
fruit  showed  leas  rot,  was  more  highly  colored,  and  had  a  better  ap- 
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pearance  in  all  respects  than  the  unsprayed  fruit.  Another  significant 
fact  is  that  in  each  case  all  the  sprayed  fruit  was  sold  before  the  buyers 
began  purchasing  the  unsprayed  fruit,  showing  that  they  readily  recog- 
nized the  superiority  of  the  former.  This  marketing  test  indicates 
that  the  enhancement  in  the  market  value  of  sprayed  fruit  would 
pay  the  cost  of  the  work  several  times  over. 

COST  OF  THE   TREATMENT. 

^J^  previously  stated,  the  spraying  was  done  with  a  gasoline-power 
outfit  of  200-gallon  capacity.  Three  men  operating  the  machine 
sprayed  900  to  1,000  trees  a  day.  The  mixture  was  prepared  in 
quantities  of  32  pounds  of  lime  and  32  pounds  of  sulphur  in  a  barrel 
T^ith  a  small  quantity  of  water,  then  strained  into  the  spray  tank  or  a 
supply  tank,  and  diluted' to  200  gallons.  When  the  blocks  farthest 
from  the  mixing  platform  were  being  sprayed,  a  200-gallon  supply 
tank  was  used  to  haul  the  mixture  to  the  spraying  outfit  so  as  to  keep 
the  machine  in  operation  and  avoid  delay  as  much  as  possible.  One 
man  was  required  at  the  mixing  station  to  prepare  the  mixture,  but 
his  time  was  not  entirely  occupied  in  keeping  the  spraying  outfit  sup- 
plie<l.  In  fact,  one  man  should  be  able  to  prepare  the  mixture 
rapidly  enough  for  five  or  six  spraying  outfits. 

The  quantity  of  mixture  required  for  each  thousand  trees  varied 
with  the  size  of  the  trees.  Medium-sized  7-year-old  Elberta  trees 
requiretl  about  1,400  gallons  per  thousand  for  each  applicatiim.  To 
make  that  quantity,  224  pounds  of  sulphur  and  the  same  weight  of 
lime  were  required.  The  block  sprayed  with  arsenate  of  lead  required 
32  pounds  of  the  poison  in  the  first  application  (when  the  foliage  was 
scant)  and  56  pounds  in  the  second  application  for  each  thousand 
trees. 

The  price  of  materials  and  labor  used  in  the  work  at  Fort  Valley, 
Ga.,  was  as  follows:  Sulphur  (flour),  $2.85  per  hundred  pounds;  lime, 
$1.10  per  barrel;  arsenate  of  lead,  12  cents  a  pound;  gasoHne,  13  cents 
agallon;  team  (pair  of  mules),  $2.75  a  day;  and  labor,  75  cents  a  day. 
At  the  above  prices  the  cost  of  the  self-boiled  lime-sulphur  treat- 
ment was  1^  to  1{  cents  per  tree  for  each  application,  or  an  average 
of  41  cents  per  tree  for  three  treatments.     The  combination  lime- 
sulphur-arsenate-of-lead  treatment  cost  51  cents  per  tree  for  four 
applications.     Where  labor  is  higher  and  working  hours  shorter  the 
cost  would  of  course  be  greater,  but  in  the  South,  under  conditions 
similar  to  those  existing  at  Fort  Valley,  it  appears  that  the  work  can 
be  done  at  a  cost  of  $15  per  thousand  trees  for  each  application,  or 
$45  for  three  treatments.     This  cost  is  insignificant  when  considered 
in  connection  with  the  fact  that  an  increased  yield  of  25  to  50  per 
cent,  or  in  some  cases  100  per  cent,  may  be  expected  from  the  treat- 
ment. 
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DANGER   OF  INJURY  TO   THE   FRUIT  AND   FOLIAGE. 

If  the  self-boiled  lime-sulphur  is  properly  prepared  and  applied, 
there  is  very  little  danger  of  injuring  the  fruit  or  foliage.  In  all  of 
our  work  during  the  past  season  not  the  slightest  injury  developed  on 
any  of  the  several  thousand  trees  sprayed.  During  the  season  the 
writers  examined  several  orchards,  ranging  from  200  to  500  acres,  that 
had  been  sprayed  by  the  owners  with  self-boiled  lime-sulphur.  No 
serious  injury  had  resulted  from  the  spraying  in  any  of  these  orchards. 
Where  injury  occurred  at  all,  it  was  only  slight  and  was  confined  to  a 
few  dozen  trees,  except  in  one  case  where  there  was  a  general  scorching 
of  the  foliage  throughout  the  orchard,  due,  perhaps,  to  too  much  boil- 
ing of  the  mixture;  but  even  in  this  case  the  result  was  only  a  slight 
thinning  of  the  foliage,  which  was  scarcely. sufficient  to  damage  the 
trees.  In  each  case  the  mixture  was  so  exceedingly  successful  as  a 
fungicide  that  the  owner  did  not  consider  the  slight  injury  caused  by- 
it  as  worthy  of  consideration.  However,  of  the  thousands  of  orchards 
that  will  probably  be  sprayed  with  this  mixture,  there  will  doubtless 
occur  from  time  to  time  cases  of  rather  serious  injury.  Such  cases 
in  the  opinion  of  the  writers  will  be  exceptional  and  will  not  be  so 
common  or  so  serious  as  is  Bordeaux  injurj^  of  the  apple. 

It  was  expected  that  where  arsenate  of  lead  was  used  in  these  experi- 
ments some  injury  might  occur,  but  neither  fruit  nor  foliage  showed 
any  signs  of  injury.  In  the  first  application  of  poison  made  when  the 
dried  calyces  were  shedding,  no  lime-sulphur  was  used,  but  in  the 
second,  three  weeks  later,  the  lime-sulphur  mixture  and  arsenate  of 
lead  were  used  in  combination.  It  seems  barely  possible  that  the 
lime-sulphur  preparation  may  correct  the  tendency  of  the  arsenate 
of  lead  to  injure,  although  no  definite  evidence  on  tliis  point  has  yet 
been  obtained.  In  the  experiments  conducted  at  Marshallville,  Ga., 
last  year,  peach  foliage  and  fruit  sprayed  with  the  self-boiled  wash  and 
arsenate  of  lead  combined  were  slightly  injured,**  but  the  notes  on 
this  work  indicate  that  the  injury  was  due  mostly  to  the  lime-sulphur 
wash,  which  was  boiled  too  long  in  an  effort  to  get  a  large  amount  of 
sulphur  in  solution.  Some  arsenate-of-lead  injury  will  doubtless 
occur  from  time  to  time,  but  where  the  curculio  is  so  bad,  as  in 
southern  peach  orchards,  it  would  seem  advisable  for  the  owners  to 
take  some  risk  in  the  use  of  the  poison  to  hold  this  insect  in  check. 

DANGER   OF   STAINING   THE   FRUn. 

There  is  some  danger  of  staining  the  fruit  with  the  mixture  if  it  is 
applied  within  two  or  three  weeks  of  the  ripening  period.  Mr.  C.  A. 
McCue,**  of  the  Delaware  experiment  station,  reported  good  results 

a  Circular  27,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  pp.  6-7. 

^  Bulletin  85,  Delaware  Agricultural  Experiment  Station. 
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against  brown-rot  from  the  use  of  self-boiled  lime-sulphur  during 
1908,  but  complained  of  marring  the  appearance  of  the  fruit  by 
heavy  deposits  of  lime.  The  formula  that  he  used  (15  pounds  of 
lime  and  10  pounds  of  sulphur  to  50  gallons  of  water)  was  stronger 
than  necessary,  and  the  spraying  was  perhaps  continued  too  near  the 
ripening  period.  In  our  1907  experiments  this  heavy  mixture  was 
used  and  at  picking  time  the  fruit  was  somewhat  stained,  but  the 
amount  of  lime  used  has  since  been  reduced  from  15  to  8  pounds 
in  50  gallons  and  the  staining  now  is  not  a  serious  matter.  The 
Chicago  buyers  who  purchased  the  sprayed  fruit  of  the  orchard 
at  Xeoga,  111.,  in  which  our  1908  experiments  were  conducted,  made 
no  complaint  of  staining,  but  on  the  contrary  declined  to  purchase 
any  of  the  unsprayed  fruit  on  account  of  bad  scab  infections.  The 
sprayed  fruit  of  the  Georgia  experiments  showed  evidence  of  the 
mixture  at  picking  time,  but  the  whitish  specks  were  largely  rubbed 
oflF  in  picking,  sorting,  and  packing.  It  was  more  highly  colored, 
slightly  larger,  and  presented  a  much  better  appearance  than  the 
unsprayed  fruit.  However,  in  order  to  avoid  whitewashing  the 
fruit,  the  last  application  should  be  made  not  later  than  about 
four  weeks  before  the  ripening  period  and  care  should  be  taken  to 
give  the  peaches  a  uniformly  light  coating  of  fine  spray. 

RESULTS    OBTAINED   BY   GROWERS    IN    COMMERCIAL   ORCHARDS. 

A  considerable  number  of  peach  growers  have  already  taken  up 
the  self-boiled  lime-sulphur  treatment  for  the  control  of  scab  and 
brow*n-rot,  and  the  writers  have  been  able  to  obtain  reports  from  some 
of  these.      Stranahan  Brothers,  of  Bullochville,  Ga.,  were  among 
the  first  to  give  it  a  trial  on  a  commercial  scale.     In  1908  they 
sprayed  their  orchard  of  35,000  trees  twice  with  self-boiled  lime- 
sulphur  and  arsenate  of  lead.     In  a  letter  dated  January  13,  1909, 
they  report  that,  aside  from  about  50  trees,  the  leaves  of  which  were 
slightly  burned,  "not  a  leaf  or  peach  was  injured  and  we  had  no 
brown-rot  and  only  one-half  of  1  per  cent  of  wormy  peaches,  including 
culls  and  drops.     In  fact,  we  had  no  drops,  May,  June,  or  otherwise, 
and  had  to  thin  the  fruit  three  times. "     They  sprayed  the  orchard 
agiun  in  1909,  using  about  the  same  treatment,  and  the  junior  writer 
made  observations  on  the  results  at  two  different  times  during  the 
season.     It  was  found  that  considerable  injury  to  foliage  had  occurred 
at  several  places  in  the  orchard,  due  perhaps  to  too  much  cooking  of 
certain  lots,  but  in  no  case  did  this  injury  appear  to  be  serious,  cer- 
tainly not  sufficient  to  discourage  spraying.     Peach  scab  and  brown- 
rot  were  almost  completely  controlled,  as  was  the  case  the  previous 
year. 
Miller  Brothers,  of  Okonoko,  W.  Va.,  were  as  quick  to  take  up  the 

treatment,  and  their  work  was  directed  more  especially  to  the  control 

174 


24  CONTROL  OF  PEACH   BROWN-ROT  AND  SCAB. 

of  peach  scab.  They  sprayed  their  orchard  of  600  acres  in  1908 
again  in  1909  and  report  that  they  obtained  good  results  both 
sons.  In  previous  years  the  scab  had  been  so  bad  that  a 
percentage  of  the  crop  was  lost  each  year,  and  the  owners  con- 
sidered the  orchard  unprofitable  until  the  lime-sulphiu"  treatment 
made  possible  the  control  of  this  disease  without  injury  to  the 
foliage. 

During  1908  the  Sleepy  Creek  Orchard  Company,  of  Sleepy  Creeb:, 
W.  Va.,  sprayed  their  orchard  of  15^000  peach  trees  from  three  to  six 
weeks  after  the  petals  fell  with  8-8-50  self-boiled  lime-sulphur.     -A. 
portion  of  the  orchard  was  sprayed  again  a  month  later.     Fortunately 
in  this  orchard  trees  were  left  unsprayed  as  checks  and  the  difference 
between  the  sprayed  and  unsprayed  fruit  was  so  striking  that  the 
writers  deemed  it  worth  while  to  sort  the  fruit  from  several  trees  and 
obtam   exact   percentages   of   scab   infections.     From   an   Elberta 
tree  sprayed  twice  there  were  1,551  peaches,  15  per  cent  of  >vhich 
was  slightly  affected  with  scab  and  none  badly  scabbed.    Another 
Elberta  tree  sprayed  only  once  had  731  peaches,  44  per  cent  of  which 
showed  some  scab  spots,  but  only  1.3  per  cent  was  badly  scabbed. 
(wSee  PI.  IV,  fig.  1.)     An  unsprayed  tree  in  the  check  block  had  468 
peaches,  all  of  which  were  affected  and  86  per  cent  badly  scabbed. 
(wSee  PI.  Ill,  fig.  2,  and  PI.  IV,  fig.  2.)     These  three  trees  selected 
for  this  count  work  were  situated  close  together  in  a  rather  low  place 
where  the  scab  would  naturally  be  bad.     It  will  be  observed  that  one 
spraying  held  the  disease  in  check,  so  that  only  a  little  more  than  1 
per  cent  of  the  crop  was  badly  aftected,  while  86  per  cent  of  the  un- 
sprayed fruit  came  in  this  class:     However,  it  would  not  be  wise  to 
conclude  from  this  that  one  application  is  sufficient.     It  is  shown  that 
44  per  cent  of  the  fruit  sprayed  once  had  some  scab  infections.     The 
second  application  reduced  this  to  15  per  cent,  none  of  which  was  bad. 
In  other  words,  all  of  the  fruit  from  the  trees  sprayed  twice  was 
suitable  for  packing,  and  none  of  it  had  enough  scab  to  attract  atten- 
tion; all  but  1  per  cent  of  the  fruit  from  the  trees  sprayed  once  was 
suitable  for  packing,   but  had   enough  scab  infections   to   detract 
somewhat  from  its  appearance,  while  86  per  cent  of  the  fruit  from 
the  unsprayed  trees  wjis  entirely  unsuited  for  the  market  and  the 
remainder  was  sufficiently  affected  to  decrease  its  market  value. 

COXTBSE  OF  TREATMENT  RECOMMENDED. 

Self-boiled  lime-sulphur,  when  properly  applied,  will  entirely  con- 
trol peach  scab,  and  when  the  curculio  does  not  interfere  too  seri- 
ously it  will  largely  prevent  brown-rot.  In  view  of  the  fact  that 
numerous  brown-rot  infections  take  place  through  curculio  punctures, 
it  would  seem  advisable,  where  the  two  troubles  occur  together,  to 
use  arsenate  of  lead  in  connection  with  the  Ihne-sulphur  mixture  as  a 
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combined  remedy  for  both  troubles.  The  fact  that  arsenate  of  lead 
sometimes  injures  both  the  fruit  and  the  foliage  of  the  peach  is  well 
known  and  should  be  borne  in  mind  by  the  orchardist,  but  when 
the  applications  are  made  early  in  the  season  the  danger  of  injury 
seems  to  be  slight.  Therefore,  upon  the  advice  of  Mr.  A.  L.  Quaint- 
ance,  of  the  Bureau  of  Entomology,  arsenate  of  lead  is  included  in  the 
course  of  treatment  outlined  below. 

BROWN-ROT,  SCAB,  AND   CURCULIO   TREATMENT.** 

For  the  Elberta,  Belle,  Reeves,  and  other  varieties  of  peaches  of 
about  the  same  ripening  season,  the  following  is  advised: 

(1)  About  the  time  the  calyces  (or  shuckfl)  are  shedding,  spray  with  arsenate  of  lead 
at  the  rate  of  2  pounds  to  50  gallons  of  water.  In  order  to  reduce  the  caustic  prop- 
erties of  the  {)oison,  add  milk  of  lime  made  from  slaking  2  pounds  of  stone  lime. 
The  date  of  this  treatment  is  too  early  for  scab  and  ordinarily  no  serious  outbreaks  of 
brown-rot  occur  so  early,  so  that  the  lime-sulphur  may  be  omitted  with  reasonable 
safety;  but  during  warm  rainy  springs,  especially  in  the  South,  the  lime-sulphur  will 
doubtless  be  necessary  in  this  application. 

(2)  Two  to  three  weeks  later,  or  about  one  month  after  the  petals  drop,  spray  with 
^-^SO  self-boiled  lime-sulphur  and  2  pounds  of  arsenate  of  lead. 

(3)  About  one  month  before  the  fruit  ripens  spray  with  8-8-50  self-boiled  lime- 
Eulphur,  omitting  the  poison. 

For  earlier  maturing  varieties,  such  as  Waddell,  Carman,  and  Hiley, 
the  first  two  treatments  outlined  above  would  probably  be  sufficient 
ordinarily,  but  in  very  wet  seasons  bad-rotting  varieties  would  doubt- 
less require  three  treatments.  Late  varieties,  such  as  Smock  and 
Salway,  having  a  longer  se^ison,  would  not  be  thoroughly  protected 
by  three  applications,  but  on  account  of  the  expense  the  writers 
dislike  to  recommend  a  fourth  spraying.  In  view  of  the  results 
obtained  on  mid-season  varieties  it  seems  likely  that  three  treatments 
will  ordinarily  be  sufficient  for  the  late  varieties. 

«The  attention  of  the  reader  is  called  to  the  following  statement  by  Mr.  Quaintance 
regarding  the  use  of  arsenate  of  lead  on  the  peach  for  the  control  of  the  curculio: 

"The  schedule  of  applications,  arranged  to  effect  a  combination  treatment  for  the 
plum  curculio  and  brown-rot,  represents  a  compromise  as  to  the  number  of  ai)j)lica- 
tions  and  times  of  spraying  considered  strictly  from  the  curculio  ntiindpoint.  Thus, 
were  the  control  of  the  curculio  the  only  consideration,  the  first  application  phould 
be  made  within  a  week  after  the  falling  of  the  petals;  tnc  second  about  as  the  dried 
calyces,  or  •* shucks,"  are  being  thrown  off  by  tne  rapidly  swelling  fruit,  and  a  third 
about  two  weeks  later,  though  this  latter  treatment  is  attended  with  increased  rink 
to  the  foliage  and  fruit. 

"Of  the  several  arsenical  poisons,  arsenate  of  lead  should  always  l)e  employed  for 
stone  fruits,  especially  the  peach.  There  are  now  numerous  brands  of  arwcnato  of 
lead  on  the  market,  and  while  most  of  these  are  carefully  prepared  and  oniinarily 
free  from  dangerous  by-products  the  grower  should  exercise  care  in  the  selection  of 
a  brand,  purchasing  only  from  reputable  firms.  Arsenical  injury  to  j)oachos  mani- 
fests itself  by  a  shot-holing  and  dropping  of  the  leaves  and  an  excessive  reddening 
and  sometimes  falling  of  the  fruit  as  it  approaches  maturity.  The  extent  of  injury 
liable  to  result  will  depend  upon  weather  conditions,  and  the  number  of  applica- 
tions given.  Ordinarily,  the  risk  from  two  applications  of  arsenate  of  lead,  as  out- 
lined for  use  with  the  lime-sulphur  mixture,  will  be  inconsequential,  and  the 
cfchardist  can  well  afford  to  take  the  chances  of  injury  in  view  oi  the  great  benefit 
derived  in  lessening  brown-rot  and  in  the  control  of  the  curculio  itself." 
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BROWN-ROT  AND   SCAB  TREATMENT. 

In  orchards  where  curculio  is  not  troublesome,  the  arsenate  of  lead 
should  be  omitted.  The  treatment  for  brown-rot  and  scab  on  mid- 
season  varieties  would  then  be  as  follows : 

(1)  Three  to  four  weeks  after  the  petals  fall  spray  with  &^8-50  eelf-boiled  lime- 
sulphur. 

(2)  About  three  weeks  later  spray  with  the  same  mixture. 

(3)  About  one  month  before  the  fruit  is  expected  to  ripen  make  another  applica- 
tion of  the  same  mixture. 

SCAB   TREATMENT. 

For  the  treatment  of  scab  alone,  spray  the  trees  with  8-8-50  self- 
boiled  lime-sulphur  about  one  month  after  the  petals  drop  and 
again  three  to  four  weeks  later. 

One  treatment  thoroughly  applied  one  month  after  the  petals  drop 
will  so  nearly  control  scab  that  in  many  eases  a  second  spraying 
may  not  be  necessary,  but  on  account  of  the  way  spraying  is  ordi- 
narily done  two  treatments  will  usually  be  required,  especially  on 
late  varieties. 

APPLICATION  OF  THE  SPBAYINQ  MIXTX7BES. 

The  necessity  of  keeping  the  mixtures  thoroughly  agitated  while 
spraying  can  not  be  too  strongly  emphasized.  Both  self-boiled  lime- 
sulphur  and  arsenate  of  lead  settle  readily,  and  if  the  spraying  outfit 
is  not  equipped  with  a  good  agitator  the  mixture  will  not  be  evenly 
distributed  and  some  of  the  trees  will  be  oversprayed,  while  others 
will  receive  an  insufficient  application.  In  power  sprayers  the  pro- 
peller type  of  agitator  is  the  most  satisfactory  for  this  work.  The 
early  applications  of  lime-sulphur  may  be  made  rather  heavy,  but 
the  last  spraying  should  be  made  with  fine  nozzles,  and  the  aim 
should  be  to  give  the  fruit  a  uniform  coating  of  a  mist-like  spray. 
Heavy  drenching  of  the  trees  should  be  avoided. 
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DESCRIPTION  OF  PLATES. 

Plate  I.  Frontispiece.    Peaches  affected  with  brown-rot,  showing  the  destructive 
work  of  the  disease,  the  rotten,  moldy  appearance  of  affected  peaches,  and  the  . 
gray  tufts  of  spores  produced  by  the  fungus.    This  is  a  photograph  of  a  pUe  of  . 
discarded  Carman  peaches  in  an  orchard  at  Fort  Valley,  Ga. 

Plate  H.  Two  crates  of  Elberta  peaches  picked  from  the  experimental  plats  at  Fort  i 
Valley,  Ga.,  on  July  9,  1909,  shipped  by  refrigerator  car  to  New  York,  and  then  i 
by  express  to  Washington,  D.  C,  opened  and  photographed  on  July  16,  a  week  ¥ 
after  picking,  showing  the  difference  in  the  amount  of  brown-rot  developed .  The  ( 
fruit  on  the  left  was  from  a  sprayed  plat.  No.  6,  and  developed  very  little  brown-  i 
rot,  while  that  on  the  right  was  from  an  adjacent  unsprayed  plat  and  became 
badly  affected  with  brown-rot  in  transit. 

Plate  III.  Peach  scab.  Fig.  1. — ^Two  imsprayed  Elberta  peaches  affected  with 
scab,  showing  the  black  spots  and  cracks  produced  by  the  fungus.  Fig.  2. — The 
crop  of  peaches  from  an  unsprayed  Elberta  tree,  showing  the  fruit  badly  affected 
with  scab.  All  the  fruit  was  affect>od  and  86  per  cent  of  it  was  so  *' smutty  "  and 
cracked  as  to  be  unfit  for  the  market.  This  fruit  was  from  one  of  the  unsprayed 
trees  in  the  orchard  of  the  Sleepy  Creek  Orchard  Company,  at  Sleepy  Creek, 
W.  Va. 

Plate  IV.   Peach  scab.    Fig.  1. — The  crop  of  peaches  from  an  Elberta  tree  sprayed  f 

once  with  self-boiled  lime-sulphur.    The  good,  merchantable  fruit  (98  per  cent  | 

of  the  crop)  is  shown  in  the  pile  and  the  unmerchantable,  scabby  fruit  on  the  | 

notebook  at  the  top.    This  fruit  was  grown  in  the  same  orchard  as  that  shown  in  i 

Plate  III,  figure  2.    Fig.  2. — ^The  same  unsprayed  crop  shown  in  Plate  III,  figure  2,  \ 

sorted  for  the  market.    The  laige  pile  of  fruit  on  the  right  is  unmerchantable  on  i 

account  of  scab,  that  on  the  left  representing  all  that  was  suitable   or  packing  | 
(only  14  per  cent  of  the  crop). 
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Fie.  2.— Crop  from  an  Unsprayed  Elberta  Peach  Tree,  Showing  All  the  Fruit 
Affected  with  Scab  and  86  Per  Cent  of  It  Unmerchantable.  Sleepy  Creek, 
W.  Va..  August  27,  1909. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington^  D.  C,  December  18^  1909. 

Sir:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  "  The 
History  and  Distribution  of  Sorghum,"  by  Mr.  Carleton  R.  Ball, 
Agronomist  in  Charge  of  Grain- Sorghum  Investigations,  and  rec- 
omniend  its  publication  as  Bulletin  No.  175  of  the  series  of  this 
Bureau. 

The  facts  stated  in  the  paper  have  been  developed  in  connection 
with  a  study  of  the  agronomic  adaptations  of  over  1,000  varieties  of 
domestic  and  foreign  sorghums.  Data  concerning  the  geographical 
distribution  of  the  sorghum  plant  and  the  leading  types  which  are 
found  in  different  regions  of  the  earth  are  here  presented  for  the 
first  time.  Sorghums  have  been  very  extensively  used  as  human  food 
in  Africa  and  the  Orient  for  more  than  twenty-five  centuries.  Some 
of  them  are  now  important  grain  and  forage  crops  in  large  areas  of 
the  western  United  States,  and  have  been  found  adapted  to  a  much 
wider  range  of  climatic  and  soil  conditions  than  was  formerly 
thought  possible.  A  knowledge  of  their  distribution  and  adapta- 
tions in  their  native  lands  will  be  of  value  to  all  agronomic  workers 
and  others  concerned  in  the  improvement  of  these  crops. 

The  author  wishes  to  acknowledge  his  obligation  to  Miss  R.  M. 
Kolck  for  assistance  in  the  translation  of  the  Latin  works;  to  Miss 
A.  R.  Knapp  for  the  translation  of  the  Italian  article  by  Arduino ; 
and  to  Miss  M.  F.  Warner  for  aid  in  securing  and  citing  many  old 
and  rare  botanical  works. 

Respectfully,  B.  T.  Galloway, 

Chief  of  Bureau. 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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THE  HISTORY  AND  DISTRIBUTION  OF 

SORGHUM. 


INTBODUCTION. 

Certain  sorghums  now  hold  a  large  and  increasingly  important 
place  as  grain  and  forage  crops  in  the  semiarid  regions  of  this  coun- 
try. They  were  all  introduced  into  the  United  States  between  twenty 
and  thirty  years  ago.  Few  data  were  secured  concerning  their  habits 
and  adaptations  in  their  native  lands,  and  many  valuable  years  of 
time  and  effort  were  lost  in  attempts  to  grow  them  successfully  in 
regions  to  which  they  were  not  at  all  suited. 

During  the  past  six  years  more  than  1,200  different  lots  of  domestic 
and  foreign  sorghums  have  been  brought  together  and  grown  experi- 
mentally.    By   far  the  greater  part  of  these  were   from   foreign 
sources — principally  from  Africa  and  southern  Asia.     In  most  cases 
only  meager    information   was  obtained   regarding  the   conditions 
under  which  they  had  been  grown  or  to  which  they  are  most  probably 
adapted  in  this  country.     For  these  economic  reasons  and  because  of 
the  bewildering  diversity  of  forms  secured  it  became  necessary  to 
inquire  at  some  length  into  the  whole  question  of  the  origin  and 
history  of  this  group  of  cultivated  plants.     This  paper  embodies  the 
results  of  the  investigation.     The  origin  and  antiquity  of  sorghums 
are  set  forth,  together  with  their  present  distribution  and  culture. 
The  chief  types  or  groups  now  found  in  each  of  the  major  geo- 
graphical areas  are  briefly  described,  the  conditions  under  which  they 
have  developed  are  pointed  out,  and  their  probable  adaptations  in 
our  own  land  are  indicated. 

The  term  "  sorghum  "  is  used  here  in  the  broad  and  comprehensive 
55ense.  It  thus  includes  all  the  groups  popularly  known  in  this  coun- 
try as  sorgo  or  sweet  sorghum,  kafir,  broom  corn,  shallu,  kowliang, 
durra,  and  milo.  It  covers  also  an  enormous  number  of  cultivated 
forms  in  other  lands  with  the  possible  exception  of  a  few,  which,  as 
pointed  out  in  the  discussion  of  botanical  history,  may  perhaps  be 
referred  to  Andropogon  halepensis  rather  than  to  A.  sorghum.  For 
the  convenience  of  readers  not  familiar  with  the  sorghums,  a  rather 
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8  HISTORY  AND  DISTRIBUTION   OF  SORGHUM. 

full  key  to  the  principal  groups  is  inserted  here.    A  complete  classi- 
fication of  the  domestic  varieties  is  in  preparation. 

KEY  TO  THE  PRINCIPAL  GBOXJPS  OF  SOBGHUM. 

The  following  is  a  key  to  the  principal  groups  of  sorghum : 

I.  Pith  Juicy. 

A.  Juice  abundant  and  very  sweet. 

1.  Internodes  elongated;  sheaths  scarcely  overlapping:  leaves  12-15 
(except  in  Amber  varieties)  ;  spikelets  elliptic-oval  to  obovate, 
2.5-3.5  mm.  wide ;  seeds  reddish  brown.  I.  Sorgo. 

B.  Juice  scanty,  slightly  sweet  to  subacid. 

1.  Internodes  short ;  sheaths  strongly  overlapping ;  leaves  12-15 ;  pedun- 

cles erect;  i)anicle8  cylindrical;  spikelets  obovate,  3-4  mm.  wide; 
lemmas  awn  less.  II.  Kafir. 

2.  Internodes   medium ;    sheaths    scarcely    overlapping ;    leaves    8—11 ; 

peduncles  mostly  inclined,  often  recurved ;  panicles  ovate ;  spikelets 
broadly  obovate,  4.5-6  mm.  wide ;  lemmas  awned.  VII.  MUo. 

II.  Pith  dry. 

A.  Panicle  lax,  2.5-7  dm.  long;  peduncles  erect;  spikelets  elliptic-oval  or 

obovate,  2.5-^.5  mm.  wide;  lemmas  awned. 

1.  Panicle  4-7  dm.  long;  rhachis  less  than  one-fifth  as  long  as   the 

panicle. 

a.  Panicle  umbelllform,  the  branches  greatly  elongated,  the  tipe 
drooping ;  seeds  reddish,  included.  III.  Broom  coi-n, 

2.  Panicle  2.5-4  dm.  long;  rhachis  more  than  two-thirds  as  long  as  the 

panicle. 

a.  Panicle  conical,  the  branches  strongly  drooping;  glumes  at  ma- 
turity spreading  and  involute;  seeds  white  or  somewhat  buff. 

IV.  Shallu. 
h.  Panicle  oval  or  obovate,  the  branches  spreading;  glumes  at  ma- 
turity oppressed,  not  involute;  seeds  white,  brown,  or  reddish. 

V.  Koiclianff. 

B.  Panicle  compact,  1-2.5  dm.  long ;  peiluncles  erect  or  recurved ;  rhachis 

more  than  two-thirds  as  long  as  the  panicle. 

1.  Spikelets  elliptic-oval  or  obovate.  2.5-3.5  mm.  wide;  lemmas  awned. 

V.  Kowliang. 

2.  Spikelets  broadly  obovate,  4.5-6  mm.  wide. 

a.  Glumes   gray   or   greenish,    not   wrinkled;    densely    pubescent: 
lemmas  awned  or  awnless;  seeds  strongly  flattened. 

VI.  Durra. 

h.  Glumes  deep  brown  or  black,  transversely  wrinkled ;  thinly  pu- 
bescent; lemmas  awned;  seeds  slightly  flattened.     VII.  MUo. 

AQBIGULTTJIIAL  HISTOBY  AND   DISTRIBUTION   OF  SOBGHUM. 

ORIGIN. 

It  is  generally  conceded  that  cultivated  sorghums  were  originally 
derived  from  the  well-known  wild  species,  Andropogon  halepensis 
(L.)  Brot.  Prof.  E.  Hackel  (1885)  has  presented  this  theory  at 
length,   and   it  is   not  necessary   here  to   examine  his   able  argu- 
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ment  The  wild  species  is  found  abundantly  in  all  tropical  and 
subtropical  parts  of  the  Old  World  {fig.  1).  It  has  been  quite 
carefully  studied  by  agriculturists  and  botanists  in  India,  and  to  a 
Iceser  extent  in  tropical  Africa.     Its  forms  are  numerous  and  the 
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"win  lines  of  variation  are  parallel  with  those  represented  by  tlie 
major  groups  of  cultivated  varieties.  This  is  especially  noticeable 
in  comparing  the  forms  assumed  by  the  wild  and  the  cultivated  spe- 
cies in  Africa,  and  to  a  lesser  extent  in  India  also.  The  abundant 
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10  HISTORY  AND  DISTRIBUTION   OF  SORGHUM. 

variation  of  the  wild  species,  the  great  number  of  different  culti- 
vated forms,  and,  with  few  exceptions,  their  evident  dissimilarity  in 
the  two  regions  argue  for  the  independent  origin  of  the  cultivated 
species  on  the  two  continents.  This  view  has  gained  wide  accept- 
ance in  later  years.  In  the  discussion  of  geographic  distribution  this 
theory  is  recognized  as  the  probable  one. 

ANTIQUITY. 

There  can  be  no  doubt  of  the  great  antiquity  of  the  sorghum  plant 
in  cultivation.  The  story  of  its  domestication  is  lost  in  the  shadows 
of  the  past.  From  Egypt,  the  cradle  of  ancient  agriculture,  comes 
the  earliest  known  record  of  its  use.  A  harvest  field  frescoed  on 
the  walls  of  the  tomb  of  Amenembes  in  Beni-Hassan,  belonging  to 
a  dynasty  existing  at  least  2,200  years  before  Christ,  is  said  by 
Wonig"  (1886)  to  represent  a  form  of  sorghum.  This  crop  is  still 
important  in  the  land  of  the  Nile.  In  the  book  of  the  prophet  Eze- 
kiel  (600  B.  C.)  the  word  "  millet "  is  translated  "  dochan  "  ("  dochn  ^ 
or  "dokhn")  in  the  original  Hebrew  text.  This  word  is  still  used 
in  Arabic  for  forms  of  sorghum  and  also  for  some  of  the  larger  mil- 
lets, such  as  pearl  millet  {Pennisetum  spicatum).  The  root  word 
also  means  "  smoke  "  in  Arabic,  and  the  name  may  be  more  correctly 
applicable  to  pearl  millet,  with  the  seeds  sometimes  smoke  colored, 
than  to  sorghum.  If  it  here  refers  to  a  grain-bearing  sorghum,  this 
crop  was  well  known  in  the  fertile  and  irrigated  valleys  of  the  Tigris 
and  Euphrates  more  than  600  years  before  the  present  era.  It  is 
known  that  a  sorghum  with  white  and  flattened  seeds  was  cultivated 
in  Arabia  as  early  as  the  tenth  century.  A  very  similar  white  durra 
is  still  abundantly  grown  in  Syria  and  Mesopotamia,  and  forms  a 
considerable  part  of  the  food  of  the  poorer  classes. 

Little  light  can  be  thrown  on  the  early  history  of  sorghum  in  India. 
The  Roman  historian  Pliny  records  the  introduction  of  sorghum  into 
Italy  by  caravans  from  India  during  the  first  century.  How  much 
longer  it  had  been  cultivated  in  India  is  not  certain,  nor  can  we  be 
entirely  sure  that  the  record  of  the  Roman  historian  is  correct.  Cara- 
vans coming  from  India  then,  as  now,  passed  through  Upper  Egypt, 
and  the  sorghum  supposedly  brought  from  India  may  possibly  have 
been  an  Egyptian  variety  used  as  food  in  the  last  stages  of  their 
journey.  The  great  antiquity  of  sorghum  culture  in  India  is,  how- 
ever, assured  from  other  sources.  According  to  Benson  and  Subba 
Rao  (1906),  the  plant  is  mentioned  in  one  tale  dating  from  more  than 
1,900  years  ago.  It  is  spoken  of  by  many  other  writers  of  early  times 
and  bears  a  Sanskrit  name — Yava-nala  (reed  barley  or  reed  grain). 


«  Where  only  year  and  page  are  given,  see  chronological  bibliography  at  end 
of  bulletin  for  full  citation. 
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It  is  verv  extensively  cultivated,  with  a  multitude  of  varieties  and 
names,  throughout  the  major  part  of  India,  especially  in  the  interior 
in  native  states,  which  have  had  only  a  limited  intercommunication. 
There  are  some  important  religious  ceremonies  observed  in  connec- 
tion with  its  sowing  and  harvesting.  These  facts  all  point  conclu- 
sively to  its  cultivation  there  from  a  remote  period. 

In  China  there  is  evidence,  according  to  Bretschneider  (1893),  that 
sor^ums  were  first  known  there  in  the  third  century  A.  D.  There 
are  numerous  doubtful  references  of  earlier  date  which  may  apply 
either  to  sorghum  or  to  the  true  sugar  cane.  As  early  as  some  of  the 
ancient  classics  there  is  found  mention  of  a  black  millet  which  bore 
two  seeds  in  each  spikelet.  So  far  as  the  writer  is  aware,  there  are 
no  two-seeded  varieties  known  either  in  Panicum  miliaceum  or  in 
Setaria  (Chaetochloa)  italica.  Several  varieties  of  what  may  be 
called  "  twin-seed  "  sorghums  are  known  in  India.  Some  of  these 
have  black  and  shining  glumes,  and  it  is  quite  possible  that  the  writer 
of  the  ancient  classics  referred  to  such  forms  of  sorghum.  This  is 
the  more  probable  since  it  is  most  likely  that  China  received  her 
sorghum  varieties  from  some  part  of  the  Indian  Empire. 

These  isolated  records  all  indicate  an  early  and  extensive  domesti- 
cation of  this  plant.  The  same  conclusion  may  be  deduced  from  a 
study  of  the  present  distribution  of  the  cultivated  varieties. 

GEOGRAPHICAL  DISTRIBUTION. 

Originating  in  the  Tropics  of  the  Old  World  (fig.  1),  sorghums  are 
now  grown  in  the  Temperate  Zones  of  both  hemispheres.  The  bulk 
of  the  crop  is  grown  between  the  parallels  of  latitude  40°  north  and 
south.  In  the  United  States  and  in  Manchuria  the  sorghums  are 
found  as  far  north  as  latitude  45°  or  more.  The  two  great  centers 
of  the  cultivation  of  sorghum  for  human  food  are  Africa  and  India. 
In  both  regions  it  is  the  staple  farinaceous  food  for  a  considerable 
part  of  the  population.  The  distribution  of  sorghum  in  India  is 
discussed  in  its  proper  order.  A  word  on  some  of  the  general  aspects 
of  its  occurrence  in  tropical  Africa  (fig.  2)  may  be  in  order  before 
the  discussion  of  individual  regions  is  begun. 

The  absence  of  permanent  records  among  the  African  tribes  from 
the  Sahara  southward  nearly  to  the  Cape  makes  futile  any  attempt 
to  study  the  history  of  sorghum  among  them.  For  many  tribes  it  is, 
however,  the  most  important  food  plant  and  is  also  commonly  used 
in  the  manufacture  of  a  fermented  drink.  The  widespread  dis- 
persion and  cultivation  of  sorghum  among  these  tribes  and  their 
great  dependence  upon  it  for  food  point  to  its  ancient  origin  and 
domestication.  Still  more  striking  testimony  is  the  extreme  rich 
ness  of  the  varieties  and  forms  which  it  presents.     These  are  by  no 
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means  adequately  known,  but  it  seems  likely  that  they  will  easily  out- 
number the  combined  total  from  all  other  parts  of  the  world.  Most 
of  them  belong  apparently  to  groups  which  are  found  sparingly  or 
not  at  all  elsewhere.  Such  a  profusion  of  forms  of  a  cultivated 
plant  among  primitive  peoples  must  have  required  many  centuries 
for  derivation  and  development.  Not  only  the  names,  but  the  Hctual 
varieties  also  are  often  quite  different  in  separate,  though  adjacent. 
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tribes.  The  women  of  a  tribe,  who  are  commonly  its  laborers,  often 
become  quite  expert  in  distinguishing  closely  related  varieties — a 
knowledge  to  which  the  men  seldom  attain.  Their  methods  of  culti- 
vation are  necessarily  crude,  but  throufrh  the  accumulated  wisdom  of 
many  centuries  of  cultivators  they  have  amassed  a  great  deal  of 
accurate  information  about  the  handling  of  the  crop.  How  it  re- 
sponds on  different  soils  and  in  different  seasons,  the  proper  dia- 
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tances  for  planting  the  hills  of  different  varieties,  how  and  when  to 
harvest,  and  how  best  to  cure  the  seed,  as  well  as  considerable  skill 
in  preparing  different  articles  of  food  from  it,  are  matters  of  common 
knowledge  among  the  older  members  of  various  tribes.  Of  the  num- 
berless varieties  grown  by  tribes  throughout  the  length  and  breadth 
of  tropical  Africa,  only  the  sweet  sorghums  and  kafirs  from  the 
region  of  Natal  and  the  Orange  Kiver  Colony  have  ever  been  brought 
under  cultivation  in  this  countrv. 

South  Afbica. 
That  portion  of  the  great  tropical  continent  known  •  as  South 
Africa  includes  the  British  areas  of  Cape  Colony,  Natal,  Orange 
River  Colony,  Transvaal,  and  Rhodesia;  also  German  Southwest 
Africa  and  parts  of  Portuguese  East  Africa  and  the  Portuguese 
territory  of  Angola  on  the  west  coast.  It  is  not  known  if  sorghums 
are  grown  in  the  German  and  Portuguese  territory  on  the  west  side 
and  little  is  known  of  the  varieties  found  in  Portuguese  East  Africa. 
The  forms  of  British  South  Africa  have  been  quite  fully  studied. 
Much  of  this  area  is  a  more  or  less  dry  and  elevated  plateau,  an  ideal 
place  for  sorghums.  Two  of  the  principal  groups,  sorgos  (sweet 
sorghums)  and  kafirs,  are  found  here  in  the  greatest  abundance  and 
diversity.  Tliey  require  but  little  selection  to  make  them  suitable  for 
use  in  America  because  of  the  similar  conditions  obtaining  in  the  two 

'^«"^-  RATAL. 

Natal,  the  smallest  division  of  South  Africa,  lies  in  the  southeastern 
part  of  this  great  region,  its  coast  washed  by  the  Indian  Ocean.  Only 
two  sorghum  groups,  sorgos  and  kafirs,  appear  to  be  native  to  this 
little  state  or  extensively  grown  therein. 

In  Xatal  the  sorgos  are  cultivated  by  the  natives  for  forage  and 
for  the  sweet  juice,  which  they  express  by  chewing  the  peeled  stalks. 
It  was  from  Natal  that  sorgos  were  introduced  to  Europe  and 
America.  From  Natal,  Arduino  obtained,  about  1775,  his  Ilolcns 
cafer^  which  was  apparently  very  similar  to  our  Planter  sorgo.  F'rom 
Natal,  Wray  secured,  in  1853,  the  sixteen  saccharine  varieties  from 
which  have  descended  most  of  the  sorgos  now  cultivated  in  Europe 
and  the  United  States,  Several  importations  of  sorgo  varieties  were 
made  from  Natal  in  later  years,  but  no  systematic  comparison  of  the 
resulting  plants  was  ever  undertaken.  It  is  therefore  not  known  how 
many  different  varieties  have  been  found  there  up  to  the  present  time. 
Some  varieties  recently  obtained  are  proving  distinct  from  any  forms 
now  grown  in  this  country. 

The  kafir  group  is  probably  native  in  Natal,  though  the  varieties 
first  domesticated  in  America  were  brought  from  the  Orange  River 
Colony.  Within  the  past  few  years  forms  very  similar  to  our  black- 
hull  and  red  kafirs  have  been  secured  in  Natal.  With  these  have  come 
a  number  of  other  forms  varying  mostly  in  the  size  of  the  head  and 
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in  the  size  and  color  of  the  seeds  and  glumes.  Some  forms  of  tl 
Roxburghii  group  are  occasionally  found  in  Natal,  but  are  apparentl 
introduced  from  Madagascar,  from  the  regions  north  of  the  Zambei 
River,  or  from  India. 


Our  widely  grown  and  valuable  kafir  varieties  came  from  the 
former  Orange  Free  State  about  thirty  years  ago.  From  that  first 
importation  three  varieties  resulted,  the  white,  the  hlnckhiill.  and  the 
red  kafirs  (fig.  3),  of  which  only  the  last  two  are  now  cultivated  in 
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I  the  United  States.  Recent  importations  from  British  South  Africa, 
principally  from  this  colony  and  Natal,  reveal  the  presence  of  a  great 
number  of  s^imilar  forms  throughout  the  ea.stern  portion  of  South 
Africa,  They  are  all  undoubted  kafirs,  differing  from  our  three 
varieties  in  minor  details,  such  as  size  and  hei^t  of  the  stalk,  length 

of  the   bead,   and   size   and 

color  of  the  seeds  and  glumes.     1!^       ^^^     '~^    '  '" 

Many   of   these   forms  have 

larger    seeds    than    had    the 

forms    first    imported.     No 

new  colors  in  seeds  have  been 

found,     but     only     varj-ing 

shades    of    red    and    pink. 

Their     variation     in    much 

more  narrow  limits  than  the 

sor^os  may  indicate  a  more 

recent  origin. 


TKAHSFAAI.    * 

A  few  kafir  forms  have 
recently  been  obtained  from 
the  colonies  of  Transvaal 
and  Kbodesia.  It  is  probable 
that  when  northern  Rho- 
desia has  been  more  fully 
explored  that  varieties  sim- 
ilar to  those  of  equatorial 
Africa  will  also  be  found. 


The  large  island  of  Mada- 
gascar, more  than  a  thousand 
miles  long,  lies  off  the  east 
coast  of  South  Africa  at  a 
distance  of  300  to  500  miles. 
Its  sorghums  are  naturally 
not  well  known,  but  the  few 
that  have  been  obtained, 
nnder  the  native  name  of 
Mpemby,  are  freely  stooling 
and  very  leafy  sorts,  with 
loose  open  heads  bearing 
white  or  reddish-brown  seeds.  The  panicles  vary  much  in  shape,  some 
being  oblong  or  narrowly  oval,  others  short  and  fan  shaped,  while  still 
others  are  much  elongated  and  trumpet  shaped.  The  branches  of  the 
head  are  always  long,  slender,  repeatedly  divided,  and  often  droop- 
ing.    (Fig.  4.)     The  spikelets  are  slender,  acute,  and  prominently 
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awned.  These  forms  belong,  apparently,  to  the  variety  roxburghU 
Hackel,  together  with  the  shallu  of  India  and  some  of  the  forms  of  the 
Guinea  coast,  under  which  heading  this  form  is  more  fully  described. 
Similar  forms  are  found  occasionally  in  Natal,  where  they  are  appar- 
ently introduced  rather  than  native.  All  these  varieties  are  very  late 
and  are  apparently  adapted  only  to  our  Southern  States,  if  at  all. 

Eqi'atorial  Africa. 

But  little  is  known  of  the  sorghums  of  equatorial  Africa,  an  imm^ise 
region  which  includes  roughly  about  ten  degrees  of  latitude  on  either 
side  of  the  equator.  They  seem  to  be  but  little  grown  in  the  French 
and  German  Kameruns  on  the  west  coast  Almost  nothing  is  known 
of  their  occurrence  in  the  great  interior  Kongo  State.  On  the  east 
side,  however,  it  is  known  that  the  sorghums  occur  in  extremely 
numerous  and  variable  forms. 

GERMAN    AND    BRITISH    EAST    AFRICA. 

A  considerable  number  of  sorghums  have  been  secured  from  Ger- 
man  East  Africa  and  British  East  Africa,  lying  immediately  south 
and  north  of  the  equator,  res[>ectively.  Naturally  they  have  not  ma- 
tured at  any  of  our  testing  stations  in  this  country,  and  hence  there 
has  been  but  little  opportunity  to  study  them  fully  at  first  hand. 
Many  of  them  certainly  represent  entirely  new  groups  of  sorghum. 
One  of  the  most  promising  of  these  groups  stands  in  some  respects 
in  a  position  intermediate  between  the  sorgos  and  durras.  Some  oi 
the  varieties  represent  a  northward  extension  of  the  kafir  group. 
All  are  grown  for  human  food  and  for  forage. 

Sudan. 

The  Sudan  has  a  breadth  north  and  south  of  about  1,000  miles  and 
an  extension  east  and  west  of  about  4,000  miles.  It  includes,  in  its 
western  part,  the  French  Sudan  and  the  numerous  small  colonies  of 
the  Upper  Guinea  coast.  The  principal  ones  of  these  are,  from  west 
to  east,  Senegal  and  French  Guinea,  once  known  as  the  Kerry  Coast; 
Sierra  Leone  and  Liberia,  the  old  Grain  Coast;  the  Ivory  Coast 
now  a  French  colony;  the  Gold  Coast,  now  a  British  colony;  and 
finally  Togoland,  Dahomey,  and  Nigeria — ^German,  French,  and 
British  colonies,  respectively,  together  comprising  the  Slave  Coast 
The  eastern  part  of  the  Sudan  is  included  in  the  British-Egyptian 
Sudan,  to  the  east  of  which  lies  Abyssinia.  The  coastal  region  is 
tropical  and  humid,  the  interior  in  large  part  hot  and  with  little 
rainfall. 

FRENCH  SUDAN. 

Very  few  sorts  have  yet  been  obtained  which  are  known  to  have 
come  from  the  interior  of  the  French  Sudan.  These  few  do  not 
differ,  so  far  as  can  be  determined  by  the  seeds  and  glumes,  from 
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the  groups  found  farther  south  in  the  various  colonies  of  the  Guinea 
coast.  However,  it  seems  not  improbable  that  more  extensive  ex- 
ploration may  discover,  in  the  dry,  hot  territory  forming  the  south- 
em  border  of  the  Sahara,  other  varieties  adapted  to  our  western 
plains. 

T7FPEB    GUINEA. 

Varieties  have  been  obtained  from  Senegal,  French  Guinea,  Ivory 
Coast,  Gold  Coast,  Togoland,  Dahomey,  and  Nigeria.  The  leading 
group  is  one  with  large,  oval,  flattened  seeds,  varying  in  color  from 
white  through  pale  red  to  deep  reddish  brown ;  red,  brown,  or  black 
glumes,  and  semicompact  heads.  A  striking  peculiarity  is  the  lateral 
rotaticm  of  the  seed  in  the  glumes  at  maturity,  the  axis  of  the  move- 
ment being  a  line  from  the  hilum  to  the  apex  of  the  seed.  This 
movement  of  the  seed  is  apparently  characteristic  of  the  whole 
group,  which  includes  HackePs  variety  ovulifer  and  probably  some 
other  botanical  varieties.  The  different  forms  in  this  group  all  have 
the  appearance  of  being  good  grain  producers.  An  effort  should  be 
made  to  find  some  suitable  for  cultivation  in  this  country.  Those 
heretofore  secured  are  much  too  late  for  any  but  tropical  regions. 

Another  sorghum  group  found  in  this  region  is  closely  related  to 
flie  shallu  (fig.  4)  of  India,  and  probably  represents  HackePs  variety 
roxburghii.  It  is  characterized  by  rather  slender  stalks,  loose,  open, 
pyramidal  heads  with  more  or  less  drooping  branches,  small,  oval 
seeds,  and  slender,  acute  glumes,  which  spread  apart  and  become 
involute  at  maturity,  completely  exposing  the  seeds.  One  of  these 
varieties  from  Senegal,  called  by  the  French  "  Mil  Cigne,"  is  appar- 
ently meeting  with  some  favor  at  the  Florida  Agricultural  Experi- 
ment Station.   It  seems  adapted  as  a  combined  forage  and  grain  crop. 

BBITISH-EGTFTIAN  SUDAN. 

A  recent  importation  of  several  varieties  from  the  region  of  Khar- 
tum shows  that  the  leading  varieties  are  of  the  durra  type  found  in 
Lower  Egypt,  some  of  the  varieties  being  identical.  The  seeds  average 
smaller,  but  this  may  be  due  to  the  less  luxuriant  growth  of  the 
Sudanese  plants.  Besides  the  usual  forms  with  white,  pale-yellow, 
and  pale-brown  seeds,  there  is  one  with  gray  seeds.  This  last  variety 
has  proved  quite  early  and  a  fair  yielder,  and  may  ultimately  become 
a  profitable  crop  in  the  United  States.  The  seeds  tend  to  become 
white  under  our  climatic  conditions.  The  other  varieties  are  now 
being  grown  for  the  first  time,  and  their  maturity  will  be  watched 
with  interest  in  the  hope  of  finding  some  of  value. 

Abyssinia. 

The  sorghums  of  Abyssinia  are  yet  but  little  known.    In  a  consid- 
erable collection  of  the  seeds  sent  from  that  country  to  France  in  1840 
22578— Bui.  175—10 8 
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it  is  reported  that  a  large  number  of  vftrieties  was  found.  Some  of 
them  were  full  of  very  sweet  juice,  some  but  slightly  sweet,  and  others 
not  at  all  so.  Their  other  varietal  characteristics  were  not  indicated. 
Very  meager  data  have  accompanied  the  few  shipments  of  seed  re- 
ceived in  this  country  from  Abyssinia,     Most  of  the  varieties  are 

apparently  very  late, 
and  only  occasionally 
can  one  be  brou^t  to 
the  flowering  stage, 
and  none  to  ma- 
turity, in  the  United 
States.  Most  of  them 
are  very  tall  and 
stout  (fig.  5)  and  of 
apparent  kinship 
with  the  larger  varie- 
ties of  India.  Some 
are  shorter  and  freely 
stooling,  though  with 
stems  of  enormous 
size.  The  mixed 
seed  in  one  lot  are 
apparently  identical 
with  those  of  the 
yellow  and  brown 
durras  (safra  and 
ahmar)  of  Egypt. 
Many  of  the  sorts  in- 
troduced have  ap- 
parently been  badly 
hy br i  d  i  zed .  None  of 
them  give  promise  of 
being  of  any  value, 
unless  for  silage  and 
fodder  on   the  Gulf 

iL..5.-n«r.oraaAb.vssinia.«orei,umDoty..i,.ad<^.     coaf*'    ^ince  thein- 
terior    of    Abyssinia 
is  a  high  and  dry  plateau,  it  may  be  that  varieties  suitable  for  our 
high  plains  will  yet  be  discovered  there. 

NoETH  Africa. 

Northern  Africa  may  be  separated  into  two  regions,  in  each  of 

which  fiorghiuns  are  grown  to  a  considerable  extent  for  human  food. 
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These  regions  are  (1)  Egypt  and  (2)  the  Barbary  States.  The  varie- 
ties found  in  each  are  different,  and  also  differ  from  those  of  equa- 
torial Africa. 


In  Egypt,  durra  is  used  as  a  general  term  to  designate  all  succulent 
forage.  All  sorghums  are  called  durra  beladi  to  distinguish  them 
from  corn,  durra  shami.  The  fall-sown  sorghum  is  called  nili  and  the 
^ring-sown,  or  common  crop,  sefi.  The  varieties  with  erect  heads 
are  called  aym,  those  with  pendent  heads  awagi.  There  are  three 
sorghum  varieties  in  common  cultivation,  all  belonging  to  the  spring- 
sown  crop  with  erect  heads,  or  the  durra  beladi  sefi  aym.  The  three 
are  known  as  beda,  or  white  seeded;  safra,  or  yellow  seeded;  and 
ahmar,  or  brown  seeded.  Beda  is  grown  more  extensively  than  all 
the  others  combined.  Where  grown  in  this  country  all  three  are  very 
tall  and  very  stout  forms  of  the  durra  group,  10  to  14  or  more  feet 
in  height,  with  20  to  30  leaves  on  each  stalk.  All  possess  larger  seeds 
and  more  closely  compact  heads  than  are  found  in  any  other  varieties 
of  the  durra  group.  They  are  of  no  apparent  value  for  any  part  of 
the  United  States. 

It  is  possible  that  safra,  the  yellow -seeded  variety,  was  the  founda- 
tion stock  for  the  milo  of  this  country.  They  are  very  much  alike 
in  both  glume  and  seed  characters,  inchiding  the  awns.  These  Egyp- 
tian forms,  while  larger  in  the  size  of  plant  and  seed,  are  rather 
similar  to  some  forms  from  Abyssinia  and  from  India.  The  prob- 
able relationships  of  these  sorts  are  more  fully  discussed  under  the 
heading  "  Botanical  history."  The  groups  of  sorghum  so  common  in 
central  and  southeastern  Africa  are  not  found  in  Egypt,  with  the 
exception  of  an  occasional  kafir  in  Upper  Egypt,  an  evident  stranger 
from  the  South. 

BABBABT  STATES. 

In  Morocco,  Algeria,  Tunis,  and  Tripoli,  comprising  the  Barbary 
States,  the  leading  variety  of  sorghum  is  a  white  durra  (fig.  6,  i), 
called  bechna,  or  beshna,  by  the  Kabyles  of  Algeria.  It  is  practically 
identical  with  that  introduced  into  this  country  as  Egyptian  corn, 
known  later  as  rice  com,  and  more  recentlv  as  Jerusalem  corn.  It 
is  probably  not  indigenous  to  North  Africa.  A  very  similar  white 
durra  is  found  throughout  Turkestan,  Mesopotamia,  Syria,  and 
Arabia,  and  the  North  African  plant  is  probably  a  result  of  the  Arab 
invasion  of  that  region  in  the  third  century.  There  is  also  found 
sparingly  among  the  mountain  tribes,  or  Kabyles,  of  Algeria  and  in 
certain  oases  in  the  northern  Sahara  a  red-seeded  durra  very  similar 
to  our  brown  durra  and  very  likely  the  original  form  of  it.  This 
form  has  not  yet  been  found  in  Arabia  or  elsewhere  in  southwestern 
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Asia.  The  physical  and  climatic  features  of  the  two  regions  are 
quite  similar,  and  the  almost  complete  absence  of  any  other  forms  has 
prevented  much  hybridization.  For  that  reason  there  has  appar- 
ently been  but  little  change  in  the  varieties  in  many  centuries. 

The  climate  of  much  of  this  North  African  region  is  dry  and  hot. 
The  white  durra  when  grown  in  our  Western  States  is  very  early  and 
drought  resistant  and  likewise  a  fair  yielder.  Its  chief  faults  are  the 
pendent  heads  of  most  strains  and  the  freely  shattering  seeds.  The 
shattering  habit  does  not  seem  to  yield  to  continued  selection.  If  a 
strictly  nonshattering  strain  could  be  found  in  North  Africa,  it  would 
be  of  great  value  for  our  higher  altitudes  and  latitudes.     The  brown 

durra  is  an  inferior 
sort  and  gives  little 
promise,  though  it  is 
also  early  and  able 
to  grow  with  little 
moisture. 

Southwest  Abia. 

White   durra,    the 
single  variety  found 
throughout    the     re- 
gion of  Asia  Minor, 
Russian    Turkestan, 
Syria,    and    Arabia 
(see  fig.  6),  has  al- 
ready     been      men- 
tioned.     In    the 
southern  part  of  this 
area  it  has  certainly 
been  grown  for  nine 
centuries,  and  prob- 
ably for  three  times  that  period.     The  form  commtmly  grown  in  these 
lands  differs  from  that  of  North  Africa  and  the  United  States  in 
having  the  heads  shorter  and  more  compact  and  the  seeds  smaller, 
less  flattened,  and  with  less  tendency  to  shatter.     The  heads  of  nearly    ; 
all  strains  are  persistently  pendent  or  goose  necked.     In  parts  of  this 
region  the  wliite  durra  grows  under  exceedingly  high  summer  tem- 
peratures.    It  is  possible  that  very  drought-resistant  strains  may  be 
secured  here,     fiowever,  those  brought  from  this  region  heretofore 
have  not  seemed  to  be  more  especially  drought  resistant  than  our  best 
developed  strains  of  kafir  and  milo.     A  nonshattering  form  of  white 
durra  from  a  dry,  hot  region  would  be  of  great  value  on  our  dry  and 
windy  |>lains. 


G.    8.^PlHnts    or    wliil^    durra    fr. 

m    dltTorent    muntrlen. 

■howing  varying  diaraolprs.      Th. 

Hialkn  Id  pairs,   (rum 

left  10  right,  arc  from  (a)  the  Ual 

I'd  Stalea.  i6»  Algeria, 

(c)  .\UHtrlB,  <ilj  TurkeBtao,  and  U 

Syria,  rrflpectlvelj. 

AGBICTJL.TURAL.  HISTORY   AND  DISTRIBUTION   OF  SORGHUM.      21 

The  land  tax  levied  by  the  Turkish  Government  is  paid  by  the  na- 
tives in  the  seed  of  this  white  durra.  The  people  are  required  by  the 
officials  to  present  in  such  payments  cleaned  and  selected  seed,  much 
better  than  the  average  found  on  the  market  or  used  in  their  homes 
for  food.  No  other  sorghums  are  found  in  all  this  great  region  except 
occasionally  a  little  Amber  sorgo  introduced  from  Europe  or  America. 

India. 

In  the  number  of  varieties  of  sorghum  and  the  relative  importance 
of  the  crop,  India  ranks  second  only  to  tropical  Africa.  The  total 
area  grown  in  India  and  Burma  is  now  about  25,000,000  acres  an- 
nually. Though  cultivated  for  many  centuries  and  forming  a  staple 
and  very  important  article  of  human  food  and  of  export,  Indian 
varieties  have  apparently  not  been  selected  or  improved  for  grain 
production.  The  average  grain  yield  obtained  there  would  be  con- 
sidere<l  verv  small  in  this  countrv.  According  to  the  best  statistics 
obtainable  by  the  British  Government  and  published  recently,  10 
bushels  to  the  acre  would  seem  to  be  a  fair  average  for  the  grain  yield 
of  sorgfanm  in  India.  Methods  of  cultivation  are  crude,  and  losses 
by  drought,  fungi,  insects,  and  birds  are  considerable.  It  does  not 
appear  that  the  soil  is  especially  poor,  in  spite  of  centuries  of  culti- 
vation. This  may  be  largely  due  to  an  abundant  use  of  legumes,  both 
as  staple  crops  and  as  fillers  or  subordinate  crops. 

As  noted,  the  number  of  varieties  is  very  large.  They  vary  in  the 
different  native  states,  and  the  names  applied  to  them  are  much  more 
numerous  and  variable  than  the  forms  themselves.  Many  of  the 
varieties  would  be  classed  as  durras,  though  none  is  identical  with 
any  of  our  cultivated  durras.  In  color  the  seed  of  most  of  them  is 
white  or  pearly  yellowish,  but  in  a  few  it  is  red.  The  heads,  and  the 
seeds  as  well,  average  quite  small,  though  the  plants  themselves  are 
usually  both  tall  and  stout  (fig.  7).  This  is  probably  explained  by 
the  fact  that  in  India  the  plants  are  always  grown  for  both  fodder 
and  human  food.  Owing  to  their  large  size  they  are  inclined  to  be 
rather  late  in  maturing.  A  few  varieties  are  dwarf  in  height,  but 
these  ajso  have  stout  stems  and  mature  with  us  scarcely  earlier  than 
the  others.  Rather  compact  heads  and  firm  glumes  are  character- 
istic. One  or  two  very  large  varieties  are  two  seeded ;  that  is,  they 
have  two  fertile  flowers  and  produce  two  seeds  in  each  spikelet,  in- 
stead of  one,  as  is  normal  for  the  sorghums. 

From  more  than  300  different  lots  of  Indian  origin,  which  have 
been  studied  by  the  writer,  only  one  or  two  hav^  seemed  worthy  of 
attempts  at  improvement.  The  small  size  and  hard  nature  of  the 
seeds  would  necessitate  grinding  to  make  them  profitably  available 
as  stock  food.  To  eliminate  the  large  size  of  the  stalk  and  bring 
Uie  grain  yield  up  to  a  profitable  quantity  would  require  several  years 
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of  careful  selection.  There  is  nothing  in  the  appearance  of  the  varie- 
ties to  indicate  that  at  the  end  of  this  period  one  might  hope  for  any- 
thing better  than,  or  even  equal  to,  the  best  kafirs.  white  durra,  and 
milo  which  we  now  possess.  It  should  be  possible  to  secure  some 
excellent  early  and  drought-resistant  varieties  in  India  by  searching 
through  the  middle  and  northern  parts  of  the  Empire,  as  Berar,  the 
Central  Provinces,  the  United  Provinces  of  Agra  and  Oudh,  north  to 
the  Punjab  and  the  frontier.  Those  previously  introduced  have  come 
from  the  Madras  and  Bombay  Presidencies. 

Besides  the  durra-iike  forms,  there  are  a  few  minor  'groups,  of 
which  only  one  needs  special  mention  here.  In  all  the  writings  on 
Indian  agriculture  concerning  the  sorghum  crop  there  are  references 
to  a  fall-sown,  or  rabi,  crop.  The  great  bulk  of  sorghums  in  India, 
as  elsewhere,  is  sown  in  the  spring  and  harvested  in  the  summer  or 


Fia.  T.— PlBdlB  of  different  varieties  of  mrghum  from  India. 

autumn.  The  rabi  crop,  on  the  contrary,  is  sown  in  September  or 
October  and  harvested  in  the  following  February  or  March.  From 
all  available  information  this  rabi  crop  is  mostly  composed  of  a  single 
variety  or  group  of  very  similar  varieties,  which  is  commonly  called 
"  shallu,"  or  "  shalu."  Botanically  these  forms  represent  the  variety 
roxhiirghii  Hackel.  The  rabi  crop  is  most  largely  grown  in  the  Bom- 
bay Presidency,  although  not  unknown  in  other  sections  of  India. 
The  shallus  are  characterized  by  rather  slender  stems,  large,  loose, 
and  open  panicles,  and  oval  yellowish  or  straw-colored  spikelets. 
The  two  indurateit  (empty)  glumes  spread  wide  apart  at  maturity 
and  each  becomes  involute,  thus  leaving  the  white  or  pearly  seed  fully 
e.xposed.  One  variety  of  this  group  has  been  sparingly  cultivated  in 
our  lower  Plains  region  for  several  years  and  is  now  being  carefully 
tested  as  a  grain  sorghum.    (See  fig.  4.) 
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A  saccharine,  or  sirup-bearing,  variety  of  sorghum  is  said  **  to  have 
been  largely  grown  locally  for  a  long  time  at  Bikanir,  a  point  in 
northwest  India,  but  seed  of  it  has  not  yet  been  secured.  A  few 
saccharine  varieties  were  introduced  from  this  country  into  India 
thirty  or  more  years  ago,  but  did  not  prove  popular  in  a  country 
where  the  same  variety  is  expected  to  supply  both  human  food  and 
animal  forage.  Amber  and  Collier  sorgos,  more  or  less  pure,  are 
^  till  found  there  locally  in  very  limited  quantities. 

The  large  varieties  of  Abyssinia  seem  to  ba  very  similar  to,  if  not 
identical  with,  some  of  the  larger  India  varieties,  so  far  as  one  may 
judge  from  immature  specimens  of  Abyssinian  plants.  Commercial 
intercourse  between  India  on  the  one  hand  and  Egypt  and  Abyssinia 
on  the  other  has  always  been  very  free,  and  it  would  be  surprising 
indeed  if  there  had  not  been  an  interchange  of  the  commonly  culti- 
vated crops.  This  may  explain  the  similarity  of  some  forms  in  the 
two  regions. 

There  is  abundant  and  quite  conclusive  evidence  that  cultivated 
sorghums  have  originated  independently  in  India  and  in  Africa. 
Andrapogon  halepensis^  the  presumable  parent  form,  is  abundantly 
distributed  and  highly  variable  in  India.  In  some  sections  it  is  spar- 
ingly cultivated.  In  times  of  famine  the  seeds  of  this  wild  species 
are  generally  utilized  for  food.  It  Las  lx?en  suggested  by  agricultural 
writers  of  India  that  some  of  the  forms  now  cultivated  have  been  so 
recently  and  directly  derived  from  Andropogon  halepensis  that  they 
may  still  be  referred  to  it  rather  than  to  Andropogon  sorghum. 

China. 

In  China  sorghum  is  called  "  kowliang  "  (fig.  8) ,  or  "  tall  millet,"  to 
distinguish  it  from  the  various  smaller  millets,  species  of  Panicum 
and  Chaetochloa  (Setaria).  All  the  forms  studied  by  the  writer, 
except  the  single  saccharine  variety,  belong  to  a  single  related  group 
of  sorghums,  which  will  henceforth  be  called  the  "  kowliang  group." 
Three  varieties  used  as  food  have  been  distinguished:  Brown  kow- 
liang, the  most  common  one,  with  brown  seeds  and  black  glumes; 
blackhull  kowliang,  with  white  seeds  and  black  glumes;  and  white 
kowliang,  with  white  seeds  and  pale  or  greenish  glumes.  The  stems 
are  slender,  usually  quite  dry  and  pithy,  4  to  11  feet  in  height,  with  ob- 
long, somewhat  open  panicles  6  to  12  inches  in  length.  Most  of  the 
strains  secured  have  very  tall  stems,  due  apparently  to  the  need  of 
the  Chinese  to  obtain  as  much  fodder  and  fuel  as  possible  with  the 
grain.  While  none  of  the  introduced  strains  are  heavy  yielders  of 
grain,  some  of  the  dwarf  forms  are  extra  early  and  promise  to  be  val- 
uable as  grain  crops  on  our  high  plains  if  their  productiveness  can 

«Watt,  1S93,  p.  2S3;  19()C,  p.  111. 
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be  sufficiently  increased.     A  brown-seeded  form  with  the  paniclf 

branches  elongated  is  used  for  brooms  and  brashes. 
This  group  is  apparently  confined  to  the  norUieastem  part  of  China 

proper  and  to  adjacent  Manchuria,  from  latitude  38°  to  41°  north. 

In  this  region  it  is  very  important.     The  seed  is  used  for  human  food, 

the  stems  and  leaves  for  fodder,  thatching,  fences,  and  baskets,  and 
the  stems  and  roots  for 
fuel.  Since  Andropogo» 
kalepenm  is  not  native 
in  this  portion  of  China, 
there  is  little  probability 
of  a  Chinese  origin  for 
the  kowliangs.  They  are 
not  like  any  varieties  so 
far  found  in  India  or  in 
any  other  country.  These 
facts  seem  to  point  to 
their  introduction  into 
China  many  centuries  ago 
and  their  subsequent 
modification  to  the  pres- 
ent fonns.  Since  au- 
thentic references  to  s 
sorghum  are  found  id 
Chinese  literature  at  least 
as  early  as  the  third 
century  A.  D.,  this  theory 
seems  the  most  probable 
one. 

In  1851  the  seed  of  a 
variety  of  sorgo  or  sac- 
charine sorghum  wassent 
to  France  from  the  island 
of  Tsungming  (Chung- 
ming)  in  the  mouth  of 
the  Yangtze  Eiver,  lati- 

Fio.   8.— PlBDtB  or  two  varieties  of  kowllang  from       tu,Je     320     north.     FrOID 

the  brief  and  unsatisfac- 
tory descriptions  and  illiisf rations  (fig.  9)  of  it  published  in  France 
and  in  this  country,  we  know  that  it  had  a  tall  and  slender  stalk,  with 
about  thirteen  leaves,  and  a  loose,  conical  panicle,  with  more  or  les 
drooping  branches,  and  liglit-brown  seeds  completely  enveloped  in 
shining  black  glumes.     These  characters  show  that  it  was  voy  similar 
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to  some  of  our  forms  of  Amber  sorgo.  Our  Early  Amber  is  said  to 
have  originated  in  1859  as  a  sport  in  a  field  of  Chinese  sorgo  growing 
in  Indiana. 

No  other  saccharine  rariety  has  been  found  in  China.  This  one 
is  said  by  Collins"  to  be  almost' entirely  restricted  to  the  island  of 
Tsongming,  where  it  is  cultivated  as  a  delicacy  for  the  Siianghai 
market,  the  sweet  stems 
being  eaten  raw.  The  an- 
nual area  sown  on  the 
island  is  only  about  20 
acres.  Since  the  original 
importation  in  1851  no 
seed,  except  that  sent  by 
Collins,  was  ever  brought 
to  the  United  States  until 
May,  1908,  when  a  few 
seeds  (S.  P.  I.  No.  22913), 
secured  on  the  island  of 
Tsungming,  were  received 
by  the  Office  of  Seed  and 
Plant  Introduction  of  this 
Department.  These  seeds 
were  of  poor  quality  and 
the  resulting  plants  did 
not  fully  mature,  but  are 
apparently  identical  with 
some  forms  of  Amber  now 
grown  in  this  country. 
There  is,  however,  little 
doubt  of  the  independent 
African  origin  of  some 
Amber  forms. 

That  form  of  kowliang 
which  somewhat  resembles 
Worn  com  is  found  also 
ID  Korea  and  Japan.  It 
would  be  classed  as  very 
poor  brush  in  the  United 
States.  Some  improved  broom  com  is  grown  in  Japan,  but  it  is  prob- 
ably from  seed  originallv  secured  in  Australia,  Europe,  or  the  United 
SUUs. 

Pacific  Is  lards. 

The  tropical  islands  of  the  Pacific  show  very  few  sorghums  or 
Done  at  all.     Some  of  the  larger  islands,  like  Java,  lying  near  the 
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continent  of  Asia,  have  one  or  two  varieties,  apparently  of  Indian  or 
American  derivation.  In  Australia  the  standard  varieties  are  all 
importations  from  the  United  States.  Numerous  native  varieties 
from  India  and  the  British  colonies  in  Africa  have  been  t«sted  in 
Australia  recently  and  a  few  are  likely  to  persist  in  cultivatioiL,  at 
least  for  somp  years. 


Pliny   (70  A.  D.)   records  that  a  variety  of  sorghum  was  intro- 
duced from  India  into  Italy  about  ten  years  previously.    Its  cultiva- 
•■ tion  in  Italy  has  ap- 

parently been  con- 
t  i  n  u  o  u  s  since  the 
earliest  introduction, 
and  it  was  there  that 
the  name  surgo,  or 
sorgo,  was  first  ap- 
plied to  the  crop. 
In  the  extensive  com- 
merce of  Greece  and 
Rome  with  Africa 
and  Asia  it  is  prob- 
able that  other  im- 
portations of  sor- 
ghum reached  the 
northern  shore  of  the 
Mediterranean  Sea 
from  time  to  time. 
By  the  end  of  the  fif- 
teenth century  the 
cultivation  of  one  or 
more  forms  of  sor- 
g  h  u  m  had  bec<Mne 
quite  general  In  all 
of  southern  Europe 
from  Greece  to  Por- 
tugal. It  had  also 
gradually  extended 
northward    to    Ger- 

Fia.  10.— Plant  of  BorEhum,  after  t'ncbs.  IMU.  ,. 

many  (ng.  10), 
France,  Belgiimi,  Holland,  and  even  to  England.  In  these  more 
northern  countries  it  was  probably  grown  as  a  curiosity  in  botanic 
gardens  and  did  not  always  mature.  It  was  generally  known  as 
Indian  millet  or  reed  millet  to  distinguish  it  from  the  sn^Uer  millets. 
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Id  southern  Europe  the  seed  at  that  time  had  come  into  common  use 
for  bttening  pigeons  and  poultry  and  less  commonly  other  stock. 
Tlie  forage,  both  green  and  cured,  was  used  for  various  kinds  of 
cattle,  though  it  was  early  noted  that  animals  sometimes  died  after 
grazing  on  the  lining  plants.    The  seed  was  also  commonly  used  in 
the  making  of  bread  by  the  poorer,  or  peasant,  classes.    This  bread 
was  brittle,  dark  colored,  and  more  or  less  astringenL    It  was  gen- 
erally regarded  as  inferior 
in  nutritive  qualities  to  that 
made  from  the  other  mil- 
lets, as  Panicum  miliaceum 
and  Chaetochloa   (Setaria) 
itaUea,    or    that    from    the 
larger   cereals.      The    flour 
was   also    commonly    made 
into  a  porridge  with  milk. 
The    semisweet    pith    and 
scHnetimes  the  flowers  were 
nsed  in  medicine. 

The  development  of  a 
broom  com  from  some 
loose  -  panicled  sorghum 
i<xk.  place  in  Italy  more 
tban  two  hundred  and  fifty 
years  ago.  Caspar  Bauhin 
in  lfio8  states  that  the  slen- 
der and  very  rigid  dried 
heads  were  made  into 
brooms  by  the  Italians  and 
iLsed  for  brushing  clothing 
in  Italy,  France,  and  also 
Gennany.  Ray  in  1688 
gives  a  full  discussion  of 
sorghum  and  records  this 
use  of   the  plant,    stating 

that  he  himself  had  seen  Fro.  ii.— Plant  otaornbum,  bHit  DodwoiL  issa. 
such  brooms  on  sale  in  Venice.  From  just  what  form  of  sorghum 
this  selection  took  place  can  never  be  known,  but  in  figure  11  a  loose- 
ptnicled  form  is  shown,  first  pictured  by  L'Obel  in  1576  and  copied 
by  Dodoens.  Arduino  in  1786  figures  one  more  spreading  than  our 
Amber  sorghum  (fig.  12)  and  another  with  the  rhachis  much  short- 
ened (fig.  13),  either  of  which  would  have  been  an  excellent  basis  for 
bmom-com  selection. 
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The  form  introduced  into  Europe  during  Pliny's  time  seems  to 
have  been  on  the  order  of  the  sweet  sorghums,  even  though  it  is  not 
known  to  have  had  a  sweet  juice.  It  is  noted  as  having  stout  cuhns, 
7  feet  high,  and  abundant  black  seeds,  the  color  doubtless  referring 
to  the  inclosing  glumes.  Most  sixteenth  to  eighteenth  century  writ- 
ers who  mention  these  details  describe  this  sorghum  as  having  red- 
dish seeds  and  black  glumes,  with  culms  from  7  to  10  feet  or  more 
in  height  and  heads  about  9  inches  long.     Many  writers  from  the 

tenth  to  the  eight- 
eenth century  de- 
scribe also  the  white- 
seeded  sorghum  used 
by  the  inhabitants  of 
Asia  Minor,  Arabia, 
and  Mesopotamia, 
but  none  records  its 
introduction  into  Eu- 
rope, All  references 
to  its  growth  in  Gi- 
cilia,  or  Sicilia  (Sic- 
ily), are  misprints 
for  Cilicia.  This 
form  has  been  dis- 
cussed under  the 
beading  "Southwest 
Aaa." 

About  1775  Ardu- 
ino  began  at  Padua, 
Italy,  his  experiments 
in  sugar  production 
from  sorghums.  He 
carried  on  this  work 
for  fully  ten  years, 
and  in  1786  pub- 
Fio.  IL>. — Ili'inlH  of  Hok'us  NiirKbum,  L.,  and  lIolcuB  saccbar-      lished    ft   COmprehen- 

""■•  '•■■  ■""  ■"'"'"■•  "»"•  sive  paper  in  which 

he  described  six  supposed  botanical  species  of  sorghum  and  gave  full 
notes  on  their  culture  and  uses.  He  seems  to  have  been  the  first 
author  who  gathered  togetlier  and  grew  for  a  number  of  years  all 
the  forms  he  could  secure.  Of  the  six  varieties  thus  described  as 
species,  one  was  a  new  sweet  sorghum  from  "Cafreria"  (Natal)T 
South  Africa,  one  was  the  white  durra  of  southwestern  Asia,  and 
the  other  four  were  forms  long  cultivated  in  Italy.  The  six  species 
were  all  splendidly  illustrated  on  folio  plates,  which  are  here  repro- 
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daced  a.s  figures  12  to  15.  They  were  all  commonly  iif*<l  for  human 
ind  animal  food,  and  the  older  ones  were  also  used  in  the  making  of 
brooms.  After  Arduino's  work  ceased,  for  causes  not  explained,  no 
especial  attention  seems  to  have  been  given  to  sorghum  for  sirup  or 
sugar  production  until  the  middle  of  the  eighteenth  century. 

In  1851  a  saccharine  sorghum  from  China  arrived  in  France.  It 
had  been  sent  with  many  other  seeds  to  the  Royal  (ieographical 
Society  by  M.  Mon- 
tigny,  the  consul  at 
Shangliai.  It  was  ob- 
tained from  the  is- 
land of  Tsungming 
(Chungming) ,  lying 
in  the  mouth  of  the 
the  Yangtze  River,  in 
latitude  32"  north.  A 
single  seed  is  said  to 
hare  germinated  in 
the  garden  at  Toulon, 
where  the  seed  vras 
sent.  The  resulting 
crop  was  secured  at  a 
high  price  by  Ix>uis 
Vilmorin,  of  Vilmo- 
rin-Andrieux  &  Co., 
well-known  seedsmen 
of  Paris.  This  seed, 
sold  widely  in  Eu- 
rope and  afterwards 
in  the  United  States, 
was  the  foundation 
of  the  variety  long 
known  as  Chinese 
»rgo  (fig.  9). 

In     March,     1851, 
Mr.  Leonard   Wray, 

ao  English  sugar  ^"'  i^-a^'"'  »'  "o'-^""  '^""'  -^"^  '^'^"'■■»-  i^«a- 
planter,  arrived  in  Natal,  South  Africa.  Soon  after,  his  attention 
was  attracted  to  numerous  varieties  of  sorgo  called  "  imphee,"  which 
the  Zulus  or  Kafirs  cultivated  for  the  sweet  stems.  These  people 
knew  nothing  of  the  art  of  expressing  the  juice  by  mechanical  means, 
but  simply  chewed  the  peeled  stems.  After  considerable  search  Mr. 
Wray  succeeded  in  getting  together  sixteen  varieties  under  their  na- 
tive names.     These  he  brought  to  Europe  about  1854  and  arranged  to 
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have  grown  in  various  countries.    From  these  varieties  have  descended 

most  of  the  sorgos  now  grown  in  the  United  States. 

With  these  two  importations  was  inaugurated  a  long  series  of 

thorough  and  expensive  experiments  in  making  sugar  and  alcohol 

from  sorghum, 
which  continued 
without  interruption 
for  thirty  years. 
During  the  progress 
of  similar  work  in 
America,  large  quan- 
tities of  the  seed  of 
our  leading  sac- 
charine varieties 
were  sen  t  from  here  to 
Spainand  other  parts 
of  southern  Europe. 
Neither  these  nor 
Mr.  Wray's  original 
importations  seem  to 
have  persisted  there 
in  cultivation  as 
pure  varieties. 

At  the  present 
time  few  varieties 
are  to  be  found  in 
Europe,  and  these 
are  usually  very 
badly  mixed.  A 
rather  large,  some- 
what saccharine 
variety,  with  spike-  . 
lets  much  as  in 
Gooseneck  sorgo,  but 
with  a  compact,  ob- 
ovate,  erect,  black 
head,  is  found  in 
Germany,  France, 
and    Austria.     It   is 

PiQ.  14.— lIPBd  of  Holcus  niger,  after  Ardiilno.  1786,  quite    different    from 

any  variety  now  grown  in  the  United  States  and  is  probably  a  rem- 
nant of  the  importation  from  Natal.  Some  Amber  and  Orange  sor- 
ghum can  still  be  found  in  France  and  Spain.  It  is  probable  that  the 
blood  of  a  number  of  the  different  saccharine  varieties  is  mingled  intfae 
variable  and  often  worthless  hybrids  now  found  in  southern  Europe. 
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A  white  dmra  is  found  in  occasional  cultivation  in  Europe.  It 
is  the  form  prevalent  in  northern  Africa  rather  than  that  of  Arabia 
and  Svria,  and  has  come  largely  from  Algeria  bv  way  of  France 

(fig.  e;  c). 


Xo  sorghum  varieties  are  indigenous  to  the  New  World.  Andro- 
pog&n  haUpenais  itself  is  an  introduction,  though  now  found  abun- 
dantly in  tropical 
and  subtropical 
America.  In  South 
America  broom  com 
is  quite  widely  but 
not  extensively 
grown.  Amber  sor- 
ghum  from  the 
United  States  is 
sparingly  intro- 
duced.  No  other 
varieties  are  found, 
except  occasionally 
under  trial  at  ex- 
periment stations. 


Throughout  the 
West  Indies  and 
sparingly  on  the  east 
coast  of  Cent  ral 
America  a  variety  is 
found  quite  similar 
to  blackhull  kafir  in 
the  characters  of  the 
head.  In  its  vig- 
oroas  stooling  and 
abundant  leaves  it 
still  more  closely  re- 
sembles other  Afri- 
can varieties.  It  was  introduced  l<Mig  ago  from  the  Guinea  coast  of 
Africa  with  the  slaves,  whose  food  it  had  been  in  their  native  home. 
Sloane  records  it  as  widely  cultivated  in  Jamaica  in  1707.  In  the  Eng- 
lish islands  it  was,  and  still  is,  known  as  "  Guinea  com  "  in  the  French 
islands  as  "  petit  millet,"  and  in  Honduras  as  "maysillo"  (probably 
"httle  com  ").     It  is  quite  generally  cultivated  for  human  food  for 
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the  laboring  classes,  and  also  as  forage  for  stock.  The  small  seeds  are 
white  or  pearly  white  in  color  and  the  short  glumes  are  usually 
black.  It  is  probably  the  progenitor  of  the  form  occasionally  found 
in  the  United  States  under  the  name  "  white  millo  maize,"  and  for 
which  the  author  has  suggested  the  name  Guinea  kafir.  It  has  no 
value  in  this  country,  unless  perhaps  for  silage  in  the  extreme  South. 

United  States. 

The  early  history  of  sorghum  varieties  in  the  United  States  is 
quite  obscure.  It  is  known  that  the  growing  of  broom  corn  for  do- 
mestic use  became  a  considerable  industry  in  colonial  times.  It  is 
certain  also  that  some  grain  varieties  were  introduced  and  sparingly 
grown  in  the  early  days  of  the  colonies.  From  time  to  time  a 
variety,  though  not  always  the  same  one,  was  exploited,  under  the 
name  of  "  chocolate  corn,"  as  a  substitute  for  tea  and  coffee.  How- 
ever, aside  from  broom  corn,  no  sorghum  had  become  a  permanent 
crop  before  the  middle  of  the  last  century. 

Accounts  vary  somewhat  as  to  the  date  and  manner  of  the  first 
introduction  of  the  Chinese  sorgo  (fig.  9)  from  France.  Apparently 
it  was  first  grown  by  William  R.  Prince,"  a  nurseryman,  of  Flushing, 
Long  Island,  New  York,  in  1853,  and  sold  by  him  to  a  few  other  per- 
sons for  testing  in  1854.  A  hogshead  of  seed  was  sold  by  him  in  1855. 
The  United  States  Commissioner  of  Patents  *  secured  a  small  quan- 
tity of  the  seed  in  France  in  1854  and  grew  it  in  1855,  continuing  the 
experiment  through  the  succeeding  year.  In  that  year,  1856,  a  75-foot 
row  was  grown  by  the  editor  of  the  American  Agriculturist*'  from 
seed  secured  from  the  firm  of  Vilmorin-Andrieux  &  Co.,  of  France. 
In  the  spring  of  1857  the  American  Agriculturist  distributed  over 
1,600  pounds  of  the  seed  to  31,000  of  its  subscribers.  Most  of  the 
seed  was  imported  direct  from  France,  though  a  small  quantity  was 
secured  from  growers  in  the  vicinity  of  New  York,  N.  Y.  In  the 
same  year  the  United  States  Patent  Office  distributed  175  bushels  of 
home-grown  seed  and  100  bushels  of  imported  seed.  In  the  spring 
of  1858  the  American  Agriculturist  distributed,  in  1-pound  pack- 
ages, 34,500  pounds  of  seed  grown  in  Georgia  from  its  imported 
seed  of  the  year  before.  It  is  not  probable  that  extensive  distribu- 
tions were  made  after  this  date.  The  supply  already  sent  out  was 
sufficient  to  scatter  the  variety  very  extensively  over  the  entire 
country.    The  widespread  and  increasing  interest  in  this  crop  was 

o  Report,  IT.  S.  Dept.  of  Agriculture,  1877,  p.  233. 

*  Reports,  U.  S.  Patent  Office,  1854,  pp.  xxil  and  219-223;  1855,  p.  xll  and 
279-280  •  1856,  p.  5.    Report,  Iowa  State  Agricultural  Society,  1861,  p.  207. 

0  American  Agriculturist,  vol.  20,  1861,  p.  6 ;  voL  39,  March,  1880,  p.  116 ;  vol 
40,  March,  1881,  p.  94. 

176 


AGRICULTTTRAL  HISTORY   AND  DISTRIBUTION   OF   SORGHUM.       33 

not  because  of  it«?  forage,  or  even  its  simp  value,  but  as  a  probable 
source  of  sugar.  It  was  then  known  as  sorgho  in  Europe  and 
America. 

In  May,  1857,*  the  sixteen  saccharine  varieties  obtained  by  Mr. 
Leonard  Wray  in  Natal  in  1851  were  brought  by  him  from  Europe 
to  the  United  States  at  the  request  of  Hon.  Horace  Greeley.  They 
were  not  distributed  to  the  public,  but  were  first  sown  in  South  Caro- 
lina and  Georgia  under  Mr.  Wray's  immediate  supervision.  He  had 
taken  out  United  States  patents  on  his  method  of  making  sirup  and 
sugar,  and  is  said  to  have  purposed  controlling  the  income  from  the 
use  of  his  varieties.  These  African  varieties  were  known  collectivelv 
as  "  imphee,"  each  variety  having  in  addition  a  native  Zulu  name. 
The  names  of  the  varieties,  as  published  by  Olcott  (1857),  were  as 
follows:  Vimbischuapa,  Eanamoodee,  E-engha,  Neeazana,  Boom- 
vwana,  Oomseeana,  Shlagoova,  Shlagoondee,  and  Zimmoomana,  with 
brief  descriptions,  and  Ebothla,  Booeeana,  Koombana,  See-engla, 
Zimbazana,  and  Ethlosa,  mentioned  by  name  only.  In  the  pronun- 
ciation of  these  names  each  vowel,  except  where  doubled,  is  the  basis 
of  a  syllable.  Though  only  fifteen  names  appear,  Mr.  Wray  states 
that  sixteen  varieties  were  obtained  by  him  in  Natal.  Many  years 
later  Wray  ^  identified  plate  5  in  Special  Report  No.  33  of  the  De- 
partment of  Agriculture  and  in  the  report  of  this  Department  for 
1880  as  his  "  Enyama,"  which  is  not  given  in  the  list  above,  but  was 
doubtless  the  sixteenth  variety.  A  variety  was  on  sale  in  the  city  of 
New  York  under  this  name  in  the  spring  of  1859. 

Between  the  years  1860  and  1880  agents  were  sent  to  China  ^  to 
discover  and  bring  back  other  varieties,  and  considerable  importa- 
tions were  made  also  from  South  Africa  and  India .*^  No  other  sac- 
charine varieties  were  found  in  China,  though  several  ordinary  kow- 
liangs  were  obtained.  The  importations  from  Africa,  though  coming 
under  names  very  different  from  those  of  Mr.  Wray's  forms,  appar- 
ently did  not  represent  any  new  varieties.  The  Indian  varieties  were 
either  nonsaccharine  or  so  slightly  saccharine  as  to  be  valueless  for 
sirup  or  sugar  production.  They  were  mostly  too  late  to  be  of  much 
value  for  forage  and  grain. 

All  these  varieties  were  soon  as  widely  distributed  over  the  country 
as  their  particular  climatic  adaptations  would  permit.  Hybridiza- 
tion, variation,  and  selection,  combined  with  the  desire  of  growers  to 

*  Hedges,  I.  A.  Rural  New  Yorker,  vol.  4tf,  May  7,  1881,  p.  1.  American 
Agrlcnltnrirt,  vol.  16,  1857,  pp.  142,  276-277. 

*  See  Collier,  1884,  p.  68. 

*  Sorgo  Jonmal,  vol.  7,  October,  1860,  p.  91;  CJolller,  1884,  loc.  cit.,  pp.  76-82; 
American  Agriculturist,  vol.  45,  April,  1886.  pp.  153-154 ;  Bulletin  20,  Bureau  of 
Cbemlstry,  U.  8.  Dept.  of  Agriculture,  1889,  pp.  112,  119. 
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find  a  market  for. their  seed,  resulted  in  the  speedy  multiplication  of 
the  so-called  "  varieties  "  to  an  enormous  extent.  Two  hundred  or 
more  names  are  recorded  for  saccharine  varieties  alone.  It  is  doubt- 
ful if  the  number  of  actual  varieties  concerned  was  ever  more  than 
twenty.  Not  more  than  a  dozen  are  now  in  cultivation  in  this  coun- 
try. Of  these,  Amber  and  its  forms  are  said  to  be  directly  derived 
from  the  original  Chinese  sorgo,  though  it  has  not  been  proved  that 
some  of  these  forms  were  not  secured  in  Africa.  All  others  are  pre- 
sumably descended  from  the  Natal  varieties.  The  definite  varietal 
origin  of  some  is  known,  as  Orange  and  perhaps  Planter  from  Neea- 
zana,  and  Sumac  from  Koombana;  others,  as  Collier,  Planter,  Sap- 
ling, Gooseneck,  Honey,  etc.,  can  not  be  certainly  connected  with  a 
particular  one  of  the  poorly  described  African  varieties,  but  are  most 
surely  original  sorts  from  that  source. 

The  sorgos,  or  saccharine  sorghums,  are  now  grown  to  a  very  lim- 
ited extent  for  sirup  production  and  to  quite  a  large  extent  for 
forage.  The  total  area  grown  in  the  United  States  is  probably  about 
one  and  one-half  millions  of  acres  annually.  A  large  part  of  this 
is  in  the  southern  half  of  the  Great  Plains  area.  During  the  recent 
unusually  wet  seasons  there  has  been  a  perceptible  decrease  in  the 
acreage  in  that  region,  owing  to  the  opportunity  for  better  crops  of 
corn  and  cereals.  The  Amber,  Orange,  and  Sumac  varieties  make  up 
the  bulk  of  the  crop. 

Kafir  and  durra  are  of  quite  recent  introduction  and  distribution 
in  the  United  States.  Varieties  of  the  kafir  group  first  reached  this 
country  in  1876,  but  were  not  generally  distributed  until  ten  years  or 
more  later.  The  original  variety,  white  kafir,  has  almost  completely 
disappeared  from  cultivation.  Its  place  has  been  taken  by  the  more 
recent  blackhuU  kafir,  which  makes  up  probably  nine-tenths  of  the 
total  kafir  crop,  red  kafir  furnishing  the  remaining  tenth.  White 
durra  and  probably  other  durras  have  been  introduced  many  times 
since  colonial  days,  but  without  permanent  results  until  1874,  when 
our  white  durra  and  brown  durra  were  brought  into  California.  The 
total  area  of  these  two  crops  probably  does  not  exceed  50,000  to 
60,000  acres  annually.  Milo  appeared  about  1885  under  circumstances 
not  yet  ascertained.  The  annual  acreage  is  probably  about  300,000 
acres.  The  total  area  devoted  to  kafirs  and  durras  combined  is  prob- 
ably not  far  from  another  one  and  one-half  millions  of  acres.  This 
would  make  a  grand  total  of  three  million  acres  of  sorghums  annually 
grown  in  the  United  States.^  Their  annual  value  may  be  conserva- 
tively estimated  at  $30,000,000. 

<»  These  estimates  were  made  in  June,  1908. 
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Canada. 

The  earliest  maturing  varieties  of  sorgo  from  the  United  States, 
chiefly  Amber  and  its  forms,  have  been  grown  in  Lower  Canada  for 
some  years  as  hay  and  fodder  crops. 

BOTANICAL  HISTOBT  AND  NOMENCLATURE  OF  SOBGHXJK. 

PRE-LINNEAN  PERIOD,  FIRST  CENTURY  TO  THE  THAR  1753. 

During  the  early  part  of  the  pre-Linnean  period  sorghum  was  in- 
troduced into  Europe  and  became  widely  cultivated  under  many 
popular  names.  With  the  revival  of  learning  in  the  latter  part  of 
the  period  it  received  abundant  attention  in  agricultural  and  medico- 
botanical  literature  and  acquired  a  considerable  polyncxnial  nomen- 
clature. 

According  to  Pliny,  as  has  been  stated,  sorghum  was  introduced 
into  Italy  from  India  during  the  first  century.  In  his  writings  he 
includes  it  under  the  general  term  "  milium,"  or  millet,  used  then,  as 
now,  to  designate  the  cultivated  forms  of  several  different  species  of 
grain-producing  grasses.  The  most  important  of  these  were  the 
grasses  now  known  as  Panicum  rrtiliaceum  (proso  millet)  and 
Chaetochloa  (Setarid)  italica  (foxtail  millet).  Pearl  millet  (Penm- 
setum  spicatum)  and  even  corn  {Zea  mays)  were  included  under  the 
name  milium  bv  various  ancient  authors. 

Even  from  the  very  brief  description  given  by  Pliny  we  may  be 
sure  that  he  was  writing  of  some  sorghum.  '*'  Milium  intra  hos  decem 
annos  ex  India  in  Italiam  invectum  est,  nigrum  colore,  aniplum  grano, 
harundineum  culmo,  adolescit  ad  pedes  altitudine  septem  prsegrandi- 
bus  culmis:  lobas  vocant:  omnium  frugum  fertilissimum.  Ex  uno 
grano  terni  sextarii  gignuntur.  Seri  debet  in  humidis.  Frumenta 
quanlam  in  tertio  geniculo  spicam  incipiunt  concipere,  quaedam  in 
quarto,  sed  etiam  num  occultam."  The  very  stout,  reed-like  culms, 
7  feet  tall,  exclude  all  other  millets  except  pearl  millet.  The  abun- 
dant grain  and  black  color  separate  it  from  that  species,  while  all 
these  characters  agree  readily  with  those  of  sorghum. 

Obigin  of  Populab  Names. 

The  name  milium  is  derived  from  miliarius,  or  milliarius,  which 
means  "  containing  a  thousand,"  and  has  reference  to  the  large  num- 
ber of  seeds  in  each  head.  From  it  our  words  millet,  millo,  and  milo 
have  been  derived.  For  many  centuries  sorghum  in  general  was 
known  as  milium,  or  milium  indicum,  literally  Indian  millet,  and 
this  latter  name  was  still  in  use  fifty  years  ago.  Just  how  early  other 
names  came  into  use  for  sorghum  can  never  be  known,  owing  to  the 
lack  of  literature  on  such  subjects  during  mediaeval  times.  It  is 
natural  that  such  names  should  have  originated  soon  after  the  intro- 
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duction  of  this  crop  and  should  have  increased  in  number  as  the  plant 
became  more  widely  distributed  among  tribes  and  nations. 

By  the  beginning  of  the  sixteenth  century  sorghum  was  to  be  found 
throughout  Italy,  Spain,  France,  Belgium,  and  Germany  under  a 
great  variety  of  names.  A  very  large  number  of  these  names  were 
used  in  different  parts  of  Italy.  Melica,  melega,  and  milica  were  de- 
rived from  either  "mel"  or  "mellis"  (honey),  or  more  probably 
from  "melligo"  (a  honey-like  juice).  Sagina,  or  saggina,  was  de- 
rived from  the  Latin  "  sagino,"  to  fatten.  Sorghi,  sorgi,  sorgho, 
sorgo,  sorghum,  and  surga  are  derivatives  from  the  Latin  "surgo," 
to  rise  or  tower,  in  reference  to  its  towering  high  above  all  other  crops. 
In  Germany  there  was  applied  to  it  the  distinctive  name  "  Welschen- 
hirse,"  i.  e.,  foreign,  or,  more  particularly,  Italian  millet,  and  also 
"  Sorgsamen."  In  Belgium  the  name  "  sorgsaet  "  was  given  it.  The 
derivation  of  these  last  names  from  the  Italian  "  sorgho  "  is  obvious. 
It  was  known  also  as  Milium  indicum^  M.  insttbrum^  M.  sahaeum^  and 
M.  aaracenicum^  as  the  seed  was  thought  by  the  various  writers  to  be 
of  Indian,  North  Italian,  Arabian,  or  Saracenian  origin,  respectively. 

Throughout  the  past  century  all  writers  on  sorghum  in  cyclopedias 
and  agricultural  and  botanical  works  have  reiterated  that  the  name 
sorghum,  or  sorghi,  is  the  common  name  of  this  plant  in  the  Orient 
There  is  not  the  slightest  evidence  in  support  of  the  theory;  on  the 
contrary,  as  early  as  1592  Porta  had  pointed  out  its  origin  from  the 
Latin  "  surgo." 

Eably  Authors  and  Early  Names. 

It  is  impossible  to  take  up  in  detail  the  statements  made  by  the 
many  medical  and  agricultural  writers  of  the  sixteenth  century  and 
earlier.  The  latter  repeated  the  facts  and  also  the  errors  of  the  earlier 
authors,  with  additional  notes  of  their  own.  The  following  is  a 
chronological  list  of  the  more  important  pre-Linnean  authors,  show- 
ing the  names  under  which  they  discuss  sorghum.  In  most  cases  they 
also  cite  other  names  by  which  sorghum  was  known  among  the  differ- 
ent nations  of  their  time : 


»» 
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Pliny,  first  century,  "  Milium  ex  India. 
Ruel,  1537,  "  Mellica." 
Crescenzi,  1542,  "  Saggina,"  **  Melica. 
Fuchs,   1542,  "  Sorgho." 
Tragus    (Bock),   1552,    "  Panicum." 
Scallger,  1556,   "Sorghum." 
L'Obel,  1576,  "  Sorgho,"  "  Melica  Italorum." 
Dodoens,  1583,  "Melica"  or  "sorghum." 
Csesalpini,  1583,"  "  Melica,"  "  Sagina." 
Porta,  1592,  "  Sagina,"  "  Melica,"  or  "  Surge. 
Mattioli,  1508,  "Milium  Indicum." 
Belon,   1605,  "Sorghum  Insubrum." 
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Besler,  1613,  "  MiJium  Plinii ;  "  "  Sorghum  fructo  rubro ;  "  "  Sorghum  f rmrto 
albo." 

Baohin,  C,  1623,  "  Milium  Sabaeum ; "  "  Milium  arundinaceum  8ubrotundo 
semlne.  Sorgo  uominatum ;  **  "  Milium  arundinaceum  piano  alboque  semine/* 

Parkmson,  1640,  "Melica,  sive  sorghum." 

Bauhin,  C,  1658,  '*  Milium  arundinaceum  8ive  Indicum  semine  subrotundo;  ** 
*' Milium  arundinaceum  semine  piano  et  albo." 

Hermann,  1687,  ''Milium  indicum,  arundinaceo  caull,  granis  flavesceutibus;  ** 
**  Milium  indicum,  arundinaceo  cauli,  granis  nigris  ;*'  **  Milium  arundina- 
ceum subrotundo  semine ;  Sorgo  nouiinatum ;  "  **  Milium  arundinaceum  piano 
alboque  semine.*' 

Bay,  1688,  '*  Sorghum  "  or  **  Milium  Indicum ;  "  "  Milium  arundinaceum  semine 
subrotundo;"    ''Milium  arundinaceum  semine  piano  et  albo.'* 

Brejne,  1689,  "  Milium  Indicum  sacchariferum  altissimum  semine  rotundo 
atro;"  "Milium  Indicum  sacchariferum  altissimum  Keniine  ferrugineo." 

Sloane,   165)6,   "Milium  Indicum." 

Morison,  1699,  **  Milium  majus  Sabaeum;"  *' Milium  majus  arundinaceum  sub- 
rotundo semine ;  "  '*  Milium  majus  arimdinaceum  i)lano  alboque." 

Toumefort.  1700,  "  Milium  arundinaceum." 

Sloane,   1707,   -Milium    Indicum." 

Micheli,  1729,  **Sorgum"  (uomen  nudum). 

linne.  1737,  "  IIolcus  glumis  glabris;  "  **  Holcus  glumis  villosls." 

Just  what  variety  of  sorghum  was  introduced  into  Italy  in  Pliny's 
time  we  have  no  means  of  knowing.  There  is  at  least  a  strong  prob- 
ability, however,  that  it  was  a  sweet  variety.  Pliny  describes  the 
seed  or  head  as  of  a  black  color,  apparently  not  distinguishing  l)e- 
iween  the  seeds  and  the  black  glumes  which  inclosed  them.  In 
recent  times  most  black-glumed  forms  with  seeds  wholly  inclosed 
have  been  saccharine  varieties.  At  any  rate,  a  sweet  variety  must 
have  been  introduced  at  an  early  date,  because  we  find  such  names 
as  melica  and  melega,  referring  to  sweetness,  in  use  as  early  as  any 
names  more  distinctive  than  milium  or  panicum.  Between  the  first 
and  sixteenth  centuries  there  is  naturally  not  a  very  extensive  litera- 
ture on  the  subject.  Avicenna,  who  lived  in  the  tenth  century,  writes 
of  a  form  used  by  the  Arabs  and  called  "  hareoman  "  (said  to  be  a 
misprint  for  hartoman).  Crescenzi  (1542)  is  said  to  have  written 
about  1300  A.  D.,  and  later  editions  of  his  work  refer  to  the  plant  in 
Italy  as  sagina,  or  melica.  The  writer  has  been  able  to  consult  no 
edition  earlier  than  the  one  cited. 

SIXTEENTH  CENTURY  WRITERS. 

During  the  sixteenth  century  many  able  writers  describe  the  plant 
and  its  uses;  some  give  good  illustrations.  None  of  them  recognizes 
more  than  a  single  variety. 

Fuchs  (1542)  and  Tragus  (1552)  figure  similar  plants  with  heavy 
and  compact  but  erect  heads  (fig.  10).  This  sorghum  is  much  like 
the  Orange  sorgo  in  general  appearance  and  is  apparently  the  variety 
afterwards  named  Holcus  sorghum  by  Linne.     It  is  certainly  the 
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plant  BO  recognized  by  Arduino  (1786).    L'Obel  (1576)    figures  ■ 

variety  with  more  open  panicles,  like  the  early  illustrations  of  the 

Chinese  sweet  sorghum.    Dodoens  (1583)  and  Parkinson  (1640)  use 

the  same  figure  (fig.  11).     Mattioli  (1598)   shows  a  different  form 

(fig.    16),    somewhat 

intermediate  in  head 

characters  between  the 

other  two. 

Tragus  (1552) 
speaks  of  the  swert 
fodder  produced  by 
sorghum.  Many  other 
writers  speak  of  the 
sweet  seed,  but  the 
word  sweet,  as  used  by 
them,  seems  to  refer  to 
the  absence  of  an  as- 
tringent or  bitter  qual- 
ity rather  than  to  the 
presence  of  any  sac- 
charine character, 
which  would  of  course 
not  appear  in  the  seeds. 
None  of  these  writers 
makes  direct  reference 
to  a  sweet  juice  con- 
tained in  the  stems  or 
to  the  use  of  the  plant 
as  a  source  of  saccha- 
rine matter,  unless  in- 
deed the  following 
much-quoted  words  ot 
the  poet  Lucian,  who 

„,,,.,  „  wrote     presumably    in 

Fig.  IB.— PlanI  o(  Borgbum,  aflor  MattioLI.  1H98.  ^  ■' 

the   second   century 

A.  D.,  "  Quique  bibunt  tenera  dulces  ab  anmdine  succos,"  may  be  con- 
strued as  referring  to  sorghum.  Except  in  describing  the  stalks  as 
tender,  this  description  applies  equally  well  to  sugar  cane,  and  it  nuiy 
be  only  a  bit  of  poetic  license. 

Those  who  describe  the  plant  speak  of  the  seeds  as  red  or  reddish, 
Some  authors  mention  forms  with  seeds  of  various  colors,  from 
white  to  black.  Cspsalpini  (1583)  states,  however,  that  only  the  form 
with  purple  spikelets  is  the  plant  commonly  called  sagina,  or  melicsi 
the  others  being  the  smaller  millets. 
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SEVENTEENTH   CENTUBY   WBITEB8. 


The  writers  of  the  seventeenth  century  began  to  separate  the  plant 
into  varieties  or  races,  based  chiefly  on  the  color  of  the  seeds.  Bauhin 
(1623),  under  the  general  heading  ''  Milium  Eiusque  Species,"  names, 
with  copious  synonymy  and  brief  description,  five  different  kinds,  the 
first  two  of  which,  '^Af  ilium  semine  luteo  vel  albo  "  and  ^'Milium, 
semine  nigro^'^  are  probably  not  sorghums.  The  last  three,  however, 
^MtUum    sdbceum^'^    ''''Milium    arundinaceum    subrotundo    semine. 

Sorgo  noTainatuTnr  and  ^Milium  arundinaceum^  piano  alboque  8em,ine, 
Sorgo  simile  grammi^  Hareomen  Arabvmj  Bellonio,"  are  almost  cer- 
tainly different  varieties  of  sorghum.  The  first  of  these  three  is  not 
described,  but  as  the  name  is  derived  from  Saba,  the  capital  city 
of  Sabsea,  in  Arabia,  the  plant  may  have  been  the  same  as  the  third 
form.  The  second  is  the  form  which  was  then  conunonly  grown  in 
southern  Europe  and  which  had  been  described  and  figured  by  many 
earlier  writers.  The  third,  from  the  description  and  synonymy,  is 
clearly  the  white-seeded  durra  of  Arabia  mentioned  by  Avioenna, 
Bauwolf,  and  others.  Two  distinct  varieties  are  here  discussed,  the 
common  European  form  with  reddish  seeds  and  an  Arabian  variety 
with  white  seeds,  the  latter  probably  a  form  of  white  durra. 

Parkinson  (1G40)  describes  sorghum  under  the  title  "  Melica  sive 
sorghum,  Indian  Millet."  He  uses  the  same  figure  as  several  other 
authors,  namely,  that  of  L'Obel.  Evidently  only  one  variety  is  in 
his  thought  and  that  one  the  common  and  long-cultivated  form.  Of 
the  white,  flat-seeded  variety  he  makes  no  mention. 

Caspar  Bauhin  (1658)  gives  full  descriptions  of  the  two  sorghums 
he  had  merely  listed  under  Milium  arundinaceum  in  his  "  Pinax  " 
(1623).  These  were  the  common  sorghum  of  Europe  and  the  white- 
seeded  sorghum  of  Arabia.  The  common  form  he  describes  as  pro- 
ducing from  one  seed  4  to  5,  or  more,  stout  and  somewhat  sweet 
culms,  with  leaves  1^  feet  long  and  3  to  4  inches  wide,  and  erect  heads 
9  inches  long  and  4  to  5  inches  in  width,  containing  abundant  seeds, 
mostly  reddish  or  deep  red,  occasionally  pale  or  yellowish  in  color. 
This  sorghum  had  been  introduced  from  India  into  Spain,  Italy,  and 
elsewhere.  Bauhin  thus  holds  the  sorghum  of  Europe  to  be  but  a 
single  variety  or  species,  the  milium  indicum  of  Pliny.  His  figure 
is  that  of  Mattioli,  sixty  years  before.  The  white-seeded  form  of 
Arabia,  Mesopotamia,  and  Asia  Minor  he  notes  as  having  a  culm 
similar  to  com  or  sugar  cane,  9  to  12  feet  high,  filled  with  sweet  pith, 
from  which  the  natives  extract,  by  chewing,  a  sweet  juice,  and 
bearing  a  beautiful  white  panicle  6  inches  long,  containing  hard  and 
brilliantly  white,  flattened  seeds.  From  the  white  durra  now  grown 
extensively  in  the  same  region  this  form  apparently  differs  in  two 
important  respects — ^the  sweet  juice  and  the  erect  heads.     Bauhin 
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does  not  state  that  the  heads  are  erect,  but  so  striking  and  unusual 
a  character  as  pendent  heads  would  certainly  have  received  mention 
if  known  to  him.  It  is,  however,  quite  possible  that  this  fact  had 
not  become  known  in  Europe,  since  the  plant  was  cultivated  no 
nearer  than  Cilicia  in  Asia  Minor.  If  it  is,  indeed,  the  progenitor  of 
the  white  durra  now  occupj^ing  the  same  region,  the  saccharine 
quality  of  the  juice  has  been  entirely  lost. 

Hermann  (1687)  presents  the  different  forms  of  sorghum  in  the 
following  manner: 

Milium  indicum,  arundinaceo  cauli,  granis  flavescentibus. 
Milium  indicum,  arundinaceo  cauli,  granis  nlgris. 
Milium  arundinaceum,  subrotundo  semlne,  Sorgo  nominatum. 
Milium  arundinaceum,  piano  alboque  semlne. 

The  first  two  he  evidently  thought  to  be  new  and  so  described  them. 
The  last  two  are  simply  quoted  on  the  authority  of  Bauhin,  without 
description.  Hermann  seems  to  think  his  second  variety  to  be  the 
Indian  sorghum  of  Pliny.  He  describes  it  as  having  black  seeds,  but 
does  not  mention  the  glumes,  while  in  the  first  form  he  speaks  of  the 
seeds  as  pale  and  the  glumes  as  black  and  brilliant.  Since  there  are 
no  sorghums  with  black  seeds  (grana  nigra  lucida)  it  is  probable 
that  his  two  varieties  were  the  same  thing,  described  from  hearsay 
rather  than  observation.  In  the  first  variety  the  color  of  the  actual 
seed  is  given ;  in  the  other,  the  color  of  the  spikelet. 

Ray  (1688)  cites  the  two  varieties  of  C.  Bauhin,  omitting  Milium 
sahaeum^  and  copies  most  of  Bauhin's  notes  on  them. 

Breyne  (1689)  discusses  sorghum  as  "Milium  Indicum  saccha- 
riferum  altissimum,"  and  describes  two  forms  having  "  semine  ro- 
tundo  atro  "  and  "  semine  ferrugineo,"  respectively.  He  is  the  first 
author  to  recognize  the  saccharine  content  of  the  plant  in  forming  a 
name  for  it.  This  work  is  not  accessible,  and  it  is  not  known  what 
varieties  Brevne  had  in  hand. 

Sloane,  in  his  "  Catalogus  "  (1696),  gives  a  copious  bibliography 
and  synonymy  of  this  plant,  including  all  previous  authors. 

Morison  (1699)  places  under  the  generic  heading  Milium  two  sub- 
groups: Minus,  including  wild  and  cultivated  species  of  Panicum, 
and  ma  jus,  including  sorghums  and  probably  pearl  millet.  Of  sor- 
ghums there  are  three,  the  names  being  quoted  from  C.  Bauhin  and 
identical  wnth  those  used  by  him  in  his  "  Pinax  "  (1623).  Concerning 
the  white-seeded  variety  he  gives  the  new  and  important  informa- 
tion that  the  head  is  pendent,  but  has  no  illustration  of  it.  In  his 
description  of  Milium  sahaeum  no  mention  is  made  of  a  pendent  head, 
but  his  figure  shows  a  group  of  two  stalks,  one  bearing  an  erect  head 
and  the  other  a  pendent  head.  Both  varieties  were  Arabian,  and  it  is 
quite  possible  that  they  were  the  same.  He  is  the  first  author  who 
definitely  records  a  sorghum  with  a  pendent  head. 
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EIGHTKENTH    CENTUBY    WRITEBS. 

Sloane  (1707)  gives  a  description  of  the  Guinea  com  of  Jamaica. 
In  this  connection  he  supplements  the  synonymy  given  in  his  earlier 
^Catalogus'^  by  citations  from  subsequent  authors.  He  states  that 
this  form  of  sorghum  was  then  in  very  general  culture  on  that  island, 
as  it  probably  was  in  others  of  the  West  Indies.  From  the  brief  de- 
scription, the  plant  seems  to  be  identical  with  the  variety  peculiar  to 
and  extensively  grown  in  many  of  the  West  Indian  islands  at  the 
present  day  under  the  same  name,  Guinea  com.  It  is  almost  certain 
that  this  plant  was  brought  from  the  west  or  Guinea  coast  of  Africa 
with  some  of  the  slaves,  whose  chief  food-grain  it  had  been  in  their 
African  home.  It  is  discussed  in  this  bulletin  under  the  name  Guinea 
kafir  (fig.  3,  &)  in  the  paragraph  on  the  West  Indies. 

Michel!  (1729)  proposed  the  generic  name  Sorgum  for  these  plants 
as  segregates  from  the  genus  Milium  of  Tournefort.  He  did  not, 
however,  describe  any  species  in  this  connection,  nor  did  he  indicate 
what  plants  of  Tournefort  should  be  included  in  his  genus.  The 
name  stands,  therefore,  as  a  nomen  nudum.  Tournefort  in  1700  had 
simply  lumped  sorghum  with  Panicum  miliaceum  as  milium,  and  cited 
under  it  all  the  names  given  by  the  two  Bauhins  with  some  new  ones 
of  his  own,  which  are,  however,  not  worthy  of  further  attention. 

Linne  (1737)  transferred  these  plants  to  his  recently  erected  genus 
Holcus.  The  common  form  is  treated  as  Holcus  glumis  glahris  and 
the  white-seeded,  or  durra,  variety  from  Arabia  as  Holcus  glumis 
ciUosis.  For  our  purposes  this  work  terminates  what  is  called  the 
pre-Linnean  period,  the  next  botanical  contribution  of  any  great  im- 
portance being  Linne's  "  Species  Plantarum,"  wherein  began  in  1753 
the  general  application  of  a  binomial  system  of  nomenclature  for 
plants. 

LINNEAN  PERIOD.  1753  TO  1850. 

Throughout  the  Linnean  period  botanists  treated  the  diverse  forms 
of  this  cultivated  plant  as  botanical  species.  Nearly  thirty  species 
were  named  and  about  sixty  binomial  combinations  made. 

The  Species  of  Linn£  and  FobskAl. 

Linn6  (1753)  published  two  species  of  sorghum  under  his  exceed- 
ingly composite  genus  Holcus,  namely,  Holcus  sorghum  and  H.  sac- 
eharatuSj  adding  thereto  the  wild  species  as  H,  halepensis.  The  cul- 
tivated species  were  both  from  India.  Under  Holcus  sorghum^  de- 
scribed as  "  glumis  villosis  seminibus  aristatis,"  he  evidently  placed 
the  common  European  sorghum  of  earlier  authors,  since  he  makes  his 
Holcus  glumis  glabris  of  1737  a  synonym.  The  Arabian  form  with 
flat  white  seeds  is  not  mentioned  at  all,  either  by  name  or  in  the  syn- 
onymy, though  by  inference  it  is  included  in  this  species.    Holcus 
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itaccharatu8  is  described  as  "  glumis  glabris  seminibus  muticis,"  based 
on  the  Milium  indicum  grania  -flavescentibus  of  Hermann  and  the 
Milium  indicum  sacchariferum  altisaimum  seminibus  ferrugineo  of 
Breyne.  In  the  second  edition,  1763,  it  is  described  as  having  an 
erect,  subverticillate  panicle  with  wide-spreading  or  somewhat  droop- 
ing branches,  in  contrast  with  the  small,  erect,  and  ovate  heads  of 
Holcus  sorghum,.  Both  species  are  credited  with  villous  glumes  and 
awned  lemmas  (flowering  glumes),  and  are  distinguished  by  the  size 
and  character  of  the  panicle. 

In  his  "  Mantissa  "  (1771)  he  restricts  the  name  Holcus  sorghum  to 
a  strain  of  the  ovate-panicled  form  with  green  villous  glumes,  and 
adds  Bauhin's  form  with  flat  white  seeds  as  a  synonym.  He  then  per- 
mits the  open-panicled  Holcus  saccharatiis  to  have  hairy  glumes  and 
awned  lemmas  also,  and  describes  a  new  species,  Holcus  bicolor^  simi- 
lar to  H.  sorghum^  with  glabrous  black  glumes  and  globose  white 
seeds,  in  awned  lemmas,  transferring  his  Holcus  glumis  glabris  of 
1737  to  Holcus  bicolor  as  a  synonym.  This  new  species  was  said  to 
have  come  from  Persia,  which  probably  indicates  that  it  was  an  In- 
dian variety  perhaps  secured  through  Persia.  A  similar  form  is 
found  abundantly  in  India  to-day.  It  could  scarcely  have  been  the 
white  durra  of  Arabia,  etc.,  because,  that  had  pale  glumes. 

Forskil  (1775)  added  two  species  from  Egypt:  Holcus  dochna 
and  H,  durra^  the  specific  names  being  derived  from  the  common 
names  of  the  varieties  in  that  country.  Holcus  dochna  was  probably 
a  saccharine  or  semisaccharine  sort,  but  is  not  now  certainly  identi- 
fiable. Both  Koemicke  (1885,  p.  310)  and  Hackel  (1889,  p.  509) 
place  it  as  a  synonym  under  saccharatus,  Forsk&l  does  not  mention 
it  as  saccharine,  but  the  description  accords  well  with  that  of  the 
sweet  forms.  His  Holcus  durra  included  at  least  two  of  the  three 
durra  varieties  common  in  Egypt  to-day,  namely,  the  white  seeded 
(beda)  and  the  brown  seeded  (ahmar).  Indeed,  Forskal  makes  it 
cover  two  white-seeded  forms,  one  with  greenish  glumes  and  one  with 
brownish  glumes.  Koemicke  (1885,  p.  312)  places  the  reddish-brown- 
seeded  sort  under  the  variety  ai'duini  Gmel.  In  1887  he  proposed  the 
name  egyptiacus  for  the  white-seeded  form.  Hackel  follows  him  in 
this,  placing  under  his  variety  durra  only  a  yellow-seeded  (safra) 
form;  he  does  not  seem  to  have  had  the  brown-seeded  form  at  all. 
These  three  forms,  beda,  safra,  and  ahmar,  with  white,  yellow,  and 
brown  seeds,  respectively,  are  in  common  cultivation  in  Egypt  to-day. 
They  are  practically  identical  except  for  the  color  of  the  seed,  and 
really  represent  but  a  single  botanical  variety  instead  of  three. 

The  Species  of  Arduino. 

Arduino  (1786)  published  descriptions  of  six  species  of  sorghum, 
three  of  which  he  considered  new,  the  other  three  being  those  de- 
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scribed  by  Linne.  All  the  species  are  excellently  illustrated  on  folio 
plates,  and  the  descriptions  are  more  exact  and  complete  than  those 
of  any  previous  author.  Arduino's  paper  had  been  presented  in  1780 
and  his  experiments  had  been  in  progress  since  1775,  and  perhaps  for 
a  longer  period.  He  was  probably  the  first  author  to  grow  and  care- 
fully study  in  the  field  all  the  forms  he  could  obtain.  His  three  new 
species  are  Holcvs  cafer^  H.  cemuus^  and  H.  niger. 

His  Holcvs  cafer  is  the  most  interesting  of  all,  because  it  was  a 
rec^it  arrival  in  Italy  from  "Cafreria"  (Natal),  in  South  Africa, 
which  Arduino  describes  as  "  an  exceedingly  vast  province  of  Africa." 
How  it  was  obtained  is  not  stated.  The  description  and  figure  show 
a  form  with  an  umbellate  panicle,  the  long,  heavily  seeded  branches 
drooping  in  the  form  of  an  umbrella  (fig.  13).  In  appearance  it  is 
identical  with  the  drooping  strain  of  Planter  sorgo  now  grown  in  this 
countr}',  and  which  is  of  known  Natal  origin.  We  thus  have  our 
Planter  sorgo  antedated  by  seventy-five  years.  Arduino's  variety 
was  described  as  8  feet  or  more  in  height,  with  stalks  as  large  as 
American  com,  12  or  13  leaves,  and  an  umbrella-like  panicle  with 
drooping  branches  6  inches  long.  The  heavy  stalks,  filled  with  sweet 
juice,  weighed  three  or  four  times  as  much  as  those  of  the  ordinary 
forms,  and  the  stems  and  foliage  remained  green  until  frost,  even 
when  the  heads  were  harvested.  The  reddish  seeds  were  considerablv 
exserted  from  the  small  hairy  glumes.  It  is  the  Sorghum  arduini  of 
Jacquin  (Eclog.  Gram.,  pi.  18,  1791) ;  the  variety  cafer  of  Koemicke 
(1885,  vol.  1,  p.  307) ;  and  is  doubtfully  admitted  by  Hackel  (1889, 
p.  519). 

Arduino  believed  his  Holcus  rdger  to  be  the  black  sorghum  of  Pliny 
and  Tournefort.  He  illustrates  (fig.  14)  a  loose,  ovate-pyramidal 
panicle  not  nearly  so  lax  and  spreading  as  that  of  Holcus  aacchara- 
tu8.  It  is  much  like  some  of  our  more  compacted  Amber  forms  and 
the  Oomseeana  of  Wray. 

Arduino's  Holcus  cemuus  (fig.  15)  is  our  white  durra,  based  on  the 
white-seeded  variety  of  Arabia,  etc.-,  discussed  by  so  many  of  the 
older  authors.  Arduino  is  naturally  puzzled  by  the  action  of  Linn6 
in  uniting  this  form  with  his  Holcus  sorghum^  as  he  did  in  his 
"Mantissa"  (1771). 

In  Arduino's  interpretation  of  Linn6's  Holcus  sorghum  (fig.  12), 
it  is  described  as  from  6  to  8  feet  in  height  and  an  inch  in  diameter, 
with  8  to  10  leaves  and  an  erect,  oval,  compact  panicle  full  of  seeds 
of  various  shades  of  red  and  yellow,  some  included  and  some  partly 
exserted,  the  lemmas  being  awned  or  awnless.  Linne's  Holcus  sac- 
charatus  (fig.  12)  Arduino  describes  as  a  tall,  slender  cane  with  long, 
slender  leaves  and  a  sparse,  lax  panicle  about  a  foot  long,  with  droop- 
ing branches,  awned  or  awnless  spikelets,  smooth  or  hairy  glumes,  and 
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seed  varying  from  pale  yellow  to  deep  red.  He  states  that  these  three 
species,  Holcus  sorghum^  H,  niger^  and  H.  saccharatus^  had  long  been 
cultivated  in  Italy  and  were  very  variable.  He  calls  them  light 
yielders  of  seed.  From  Holcus  sorghum  floor  brooms  were  made,  and 
from  Holcus  saccharatits  all  kinds,  from  whisk  brooms  to  scrubbing 
brushes.  He  calls  especial  attention  to  the  variability  of  the  species 
Holcus  sorghum  and  H.  saccharatus.  While  it  is  likely  that  other 
importations  than  that  recorded  by  Pliny  were  represented  in  the 
forms  described  by  Arduino,  it  is  certain  that  many  of  these  forms 
must  have  arisen  through  variations  and  crossing  which  took  place  in 
Europe.  For  many  years  thereafter  these  varying  forms  were  made 
the  basis  of  new  species  by  the  botanists  of  that  period. 

NuMEBOUs  Species  of  Lateb  Authobs. 

Koeler  (1802)  founded  his  genus  Blumenbachia  on  the  wild  Hoi- 
eus  halepensis^  but  the  name  was  never  taken  up  for  the  cultivated 
plant.  Brotero  (1804)  transferred  Holcus  sorghum  and  H.  hcdepen-^ 
sis  to  the  genus  Andropogon.  Persoon  (1805)  took  up  the  old  ge-"^ 
neric  name  Sorghum,  first  proposed  by  Micheli,  and  rechristened  the 
cultivated  plant  Sorghum,  vulgare.  During  the  first  half  of  the  nine- 
teenth century  many  more  cultivated  forms  were  described  as  new 
species,  until  the  total  number  of  species  w^as  thirty  or  more.  The 
following  is  an  alphabetical  list  of  the  names  used  for  cultivated  sor- 
ghums described  as  species:  Albums ^  arduini^  hesseri^  bicolor^  cafer^ 
caffrorum^  cam^panum^  cernuum^  corriTnuTie^  compactus^  dochna^  dora^ 
drummondli^  duna^  durra^  dulds^  ferrugineus^  nervosum,^  nigricans^ 
niger^  nigerrimus,  pyramidale^  rubens^  saccharatus^  sorghum,^  suhgla- 
bresccnSy  truc/imenorum,  u^orum^  versicolor^  and  vulgare.  Some  of 
these  names  have  been  used  in  all  three  genera,  Holcus,  Sorghum,  and 
Andropogon;  some  have  been  used  in  two;  others  only  in  one.  In 
this  manner  a  total  of  fifty-five  or  sixty  binomial  combinations  has 
been  reached. 

Most  of  these  so-called  species  are  quite  unimportant.  A  fevr  of 
them  probably  include  forms  which  have  since  become  extensively 
cultivated  in  this  country.  It  is  almost  impossible  to  identify  these 
species  from  their  meager  descriptions,  especially  those  described 
from  regions  where  sorghums  are  abundant  and  variable.  In  con- 
sulting the  writings  of  diflFerent  authors  who  discuss  a  form  under 
the  same  specific  name,  it  becomes  evident  that  they  did  not  always 
have  the  same  plant  in  hand.  For  example,  the  name  bicolor  of 
Linne  has  at  one  time  or  another  been  applied  to  almost  every  form 
with  white  seeds  and  dark  glumes.  In  the  same  way  the  name  cerriruus 
of  Arduino  has  been  used  for  all  forms  with  pendent  panicles,  with- 
out much  regard  to  other  characters  involved, 

176 


I  BOTANICAL  HISTOET   AHD   NOMENCLATUBE   OF   SOBOHnM.        45 

RECBNT   PSBIOD,   IBM)  TO  THE  PRESENT  TlUE 

By  the  middle  of  the  last  century  the  coDception  of  cultivated  forms 
of  wrghum  as  species  had  been  abandoned  and  the  description  of 
them  as  horticultural  and  botanical  varieties  was  begun.  Olcott 
(1857)  published  Leonard  Wray's  brief  descriptions  of  his  recently 
introduced  Natal  varieties  (fig.  17).  Stewart  (1867)  reprint«d  these 
descriptions,  but  neither  attempted  any  classification. 

BECIRNINGS   of   CLA88IF1  cation. 

Pech  (X865)  published  a  provisional  classification  of  the  few  sweet 
varieties  then  known  to  him.     Collier  (1884)  amplified  Pech's  out- 


PiG.  IT. — HradB  ol  three  sorgbum  varieties  Ogured  Id  1860.  "  Llborlaa  "  la  Wraj^'s  Koom. 
tana,  tbe  preseot  Sumac :  "  Begnlar  aorgo  "  <b  the  ChtneBe  mrletr ;  aod  "  Neeaiana  "  la 
the  orlglDBl  form  ot  Orange. 

line  by  inserting  a  number  of  recently  developed  saccharine  varieties, 
many  of  which  were  local  strains  that  never  became  generally  grown 
and  are  not  now  identifiable.  These  two  classifications  were  maJe  on 
a  natural  basis,  and  if  fuller  and  more  definite  would  be  fairly  usable, 
though  wrought  out  from  confessedly  imperfect  material  and  insuffi- 
cient field  study  and  including  only  a  limited  number  of  forms,  of 
which  all  except  one  were  sorgos. 

Koemicke  (1885)  presented  the  first  attempted  classification  of 
the  cultivated  forms  of  the  whole  world.  He  recognizes  them  as  com- 
prising a  single  species  Andropogon  sorghum  (L.)  Brot.,  and  dis- 
poses them  in  twelve  varieties,  grouped  into  two  sections,  Effusus  and 
Contractus,  referring  to  the  habit  of  the  panicle. 
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The  first  section  includes  five  varieties:  Cafer  Ard.,  technicus  Kcke., 
8accharatu8  L.,  leucospermua  Kcke.,  and  niger  Ard.  The  first  two 
varieties  are  separated  from  the  others  by  having  a  much  shortened 
rhachis,  or  central  axis,  in  the  panicle.  The  variety  cafer  is  our 
Planter  sorgo,  or  a  very  similar  variety,  while  the  variety  technicus 
is  broom  corn.  The  last  three  are  apparently  all  sorgos  or  sweet 
sorghums.  The  variety  saccharatus  is  much  like  our  most  spreading 
Red  Amber,  the  variety  leucoaperrmia  is  not  determinable,  and  the 
variety  niger  is  probably  identical  with  some  of  our  smaller  and  more 
compact  Amber  forms,  as  Black  Dwarf.  Koemicke's  leucospermus 
had  not  white  seeds,  but  red,  the  inappropriate  name  apparently  re- 
ferring to  the  pale  glumes,  due  perhaps  to  the  acknowledged  late  and 
.incomplete  maturity  of  the  specimens  on  which  it  was  based. 

The  second  section  contains  seven  varieties,  of  which  the  first  four — 
vsorum  Nees.,  arduini  GmeL,  aethiops  Kcke.,  and  hicolor  L. — ^had 
erect  heads,  and  the  last  three — cemutca  Ard.,  truchmenorum  Koch., 
and  neesii  Kcke. — ^had  the  heads  pendent.  Of  the  first  group,  with 
erect  panicles,  the  variety  usorum^  with  short  compact  heads,  is  not 
certainly  identifiable  with  any  of  the  hundred  or  more  Natal  forms 
studied  by  the  writer.  Variety  arduini  is  probably  our  Orange  sorgo, 
variety  aethiops  is  not  known,  though  it  is  perhaps  the  sorgo  form 
with  ovate  black  heads  still  grown  in  central  Europe.  Variety 
hicolor  is  not  identifiable  among  the  many  similar  forms  of  India 
and  equatorial  Africa.  Considering,  now,  the  three  varieties  having 
pendent  heads,  it  is  known  that  the  variety  cemuus  includes,  among 
others,  our  white  durra,  and  that  the  variety  truchmenorum  is  that 
form  of  white  durra  with  taller  stalks  and  more  compact  heads 
found  in  Turkestan,  where  it  is  called,  in  Russian,  "  Dzhugara." 
Variety  neesii  is  a  blackhuUed  white  durra  from  the  region  of  NataL 
It  has  never  been  found  in  the  recent  importations  from  there. 

Hackel  (1889)  divides  Andropogon  sorghum  into  two  subspecies, 
halepensis  and  sativusy  thus  including  both  the  wild  and  the  culti- 
vated forms  in  a  single  species.  His  subspecies  sativtis  is  the  Andro- 
pogon sorghum  of  Koernicke's  classification  and  the  Sorghum,  vulgare 
of  Persoon.  He  divides  this  subspecies  into  nine  sections,  which 
contain  a  total  of  thirty-six  varieties.  These  nine  sections,  or  groups, 
are  separated  largely  on  such  characters  as  the  comparative  shape  and 
size  of  the  spikelets,  the  comparative  length  and  width  of  the  glumes, 
and  the  relation  of  these  to  the  seed.  The  density  of  the  panicle,  the 
position  of  its  branches,  the  color  of  the  seeds,  and  the  presence  and 
length  of  the  awn  are  used  as  minor  determining  characters.  No 
mention  is  made  of  the  size  and  height  of  the  culms,  the  character 
of  the  juice,  the  number  or  size  of  the  leaves,  the  comparative  length 
of  the  sheaths  and  internodes,  or  of  the  purpose  for  which  the 
varieties  are  grown. 

175 


BOTANICAL   HISTORY   AND    NOMENCLATURE    OF    SORGHUM.        47 

In  Africa  there  naturally  has  been  but  little  done  toward  a  study 
of  the  numberless  forms  of  sorghum.  In  Egypt  the  British  agri- 
coltural  officials  have  studied  quite  carefully  the  native  varieties, 
and  the  writer  is  much  indebted  to  them  for  various  shipments  of 
seed  and  for  provisional  classifications,  which  are  apparently  very 
accurate.  Colonial  officers  in  French  West  Africa «  (Niger  Valley 
and  Senegal)  and  in  German  East  Africa  <■  have  published  brief 
notes  on  the  leading  varieties  of  their  regions.  Schumann  (1895), 
Busse  and  Pilger  (1902).  and  Pilger  (1904)  have  described  botani- 
cally  a  very  large  number  of  forms  from  German  East  Africa  and 
from  Togo  on  the  Guinea  coast.  Their  descriptions  are  appar- 
ently based  on  dried  material,  mostly  heads.  Without  the  cultiva- 
tion and  field  study  of  varieties  for  at  least  two  or  three  seasons,  such 
descriptions  are  of  little  value  to  the  agronomist. 

In  India  a  comprehensive  effort  to  assort,  classify,  and  describe 
the  manifold  forms  of  that  extensive  region  is  now  being  made. 
Hooker  (1897)  gives  a  synopsis  of  the  varieties  of  India  as  outlined 
by  Hackel  and  also  by  Stapf.  The  Reporter  on  Economic  Products 
for  India,  Mr.  I.  H.  Burkill,  has  been  engaged  for  several  years  in 
this  work.  A  synopsis  of  a  portion  of  his  outline  of  classification 
was  published  by  Benson  and  Subba  Rao  (1906)  with  valuable  addi- 
tions of  their  own.  For  the  varieties  of  the  Madras  Presidency, 
occupying  the  southern  portion  of  the  peninsula,  these  last-named 
gentlemen  have  made  a  provisional  classification,  which  has  the 
decided  merit  of  taking  into  account  the  agronomic  characters  of  the 
plants. 

In  recent  years  the  number  of  trinomials  and  other  polynomials 
applied  to  sorghum  varieties  has  been  increased  to  literally  hun- 
dreds. It  is  an  open  question  whether  any  useful  purpose  is  sub- 
ser^'ed  by  the  wholesale  application  of  Latin  trinomials  to  the  exotic 
cultivated  forms  of  a  variable  plant  like  sorghum,  especially  where 
the  study  is  limited  to  immature  or  fragmentary  dried  material. 
Where  a  field  study  of  the  growing  plants  is  also  made,  the  final 
number  of  varieties  is  always  greatly  reduced  and  the  practice  be- 
comes less  objectionable. 

A  satisfactory  classification  of  the  varieties  of  sorghum  or  of  any 
other  cultivated  plant  must  take  account  of  the  habit  and  characters 
of  the  entire  plant,  not  merely  of  the  panicles.  The  height,  size,  and 
color  of  the  stalks,  the  comparative  length  of  the  internodes  and 
sheaths,  the  number,  size,  and  color  of  the  leaves,  the  length,  stout- 
ness, and  exsertion  of  the  peduncle,  and  the  number  of  branches  and 
suckers  are  all  of  vital  importance  in  the  study  of  varieties.  Com- 
parative earliness,  disease  resistance,  drought  resistance,  and  pro- 

«  Dumas,  1905,  and  Lambrecht,  1903. 
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ductiveness,  with  other  available  ecologic  characters,  ought  to   be 
included. 

Furthermore,  the  use  of  purely  artificial  keys  must  be  given  up  and 
natural  groupings  substituted  before  much  permanent  good  can  come 
from  any  classification  of  cultivated  varieties.  The  lumping  of  all 
the  forms  which  happen  to  have  white  seeds  or  spreading  branches  or 
pendent  panicles  only  adds  to  present  confusion.  It  is  necessary  first 
to  define  the  major  natural  groups  which  agronomic  and  botanic 
studies  have  shown  to  exist,  even  if  such  groups  can  not  always  be 
sharply  separated  by  a  single  character.  When  this  has  been  done 
the  varieties  in  each  group  should  be  distinguished  by  the  most  ob- 
vious natural  characters.  In  this  way  only  can  we  hope  to  prepare  the 
usable  and  instructive  systems  of  classification  so  much  needed  for  the 
varieties  of  all  our  widely  disseminated  and  variable  cultivated 
crops. 

SUMHABY. 

AGRICULTURAL  HISTORY  AND  DISTRIBUTION. 

All  cultivated  sorghums  are  held  to  have  been  derived  from  the 
wild  species  Andropogon  halepensis. 

Many  facts  point  to  an  independent  origin  in  tropical  Africa  and  in 
India,  which  are  the  two  great  centers  of  sorghum  production,  each 
occupied  by  an  enormous  number  of  varieties. 

Sorghums,  as  crops  cultivated  for  human  food,  date  from  the  most 
remote  historic  times. 

In  varying  forms  sorghum  is  found  abundantly  throughout  Africa 
and  across  the  southern  half  of  Asia.  It  is  less  abundantly  distributed 
in  southern  Europe  and  in  the  United  States  and  the  West  Indies. 

Sorghum  varieties  furnish  the  chief  cereal  food  of  the  native  mil- 
lions in  Africa. 

In  British  South  Africa  kafirs  and  sorgos  are  the  predominating 
groups,  represented  by  numerous  varieties.  Most  of  the  kafirs  and 
sorgos  cultivated  in  the  United  States  were  obtained  in  this  region, 
which  is  similar  in  many  respects  to  much  of  our  Great  Plains  area. 

Throughout  equatorial  Africa  some  new  and  little-known  groups, 
related  to  the  durras,  are  the  leading  types.  Forms  of  the  Roxburghii 
group  also  occur  commonly,  while  kafirs  and  sorgos  are  rare.  All 
these  tropical  forms  are  late  in  maturing. 

In  Abyssinia  and  throughout  the  Sudan  these  new  durra-like 
groups  predominate.  The  Roxburghii  group  diminishes  in  impor- 
tance, while  kafirs  and  sorgos  disappear  as  native  types.  Few  of  the 
local  varieties  are  immediately  adapted  to  our  conditions. 

In  North  or  Mediterranean  Africa  only  durra  groups  are  found. 
Those  forms  found  in  Egypt  are  Sudanese;  the  white  durra  in  the 
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Barbary  States  is  nearly  identical  with  that  of  southwestern  Asia, 
and  doubtless  has  resulted  from  the  Arab  invasion  of  Africa. 

In  all  of  southwestern  Asia,  including  Asia  Minor,  Syria,  Arabia, 
Turkestan,  and  perhaps  a  part  of  Persia,  the  single  variety  is  a  white 
durra,  equivalent  to  our  American  form. 

India  amtains  a  bewildering  confusion  of  little-known  forms. 
Many  of  them  approximate  the  durra  group;  many  are  forms  of 
shaUu,  the  type  of  the  Iloxburghii  group;  while  some  represent  en- 
tirely new  groups  of  sorghum.  A  large  number  tested  in  this  country 
have  proved  very  poor  yielders  of  grain. 

East  China  and  Manchuria  are  the  home  of  a  new  group,  the 
kowliangs,  with  several  well-marked  varieties.  One  sorgo  variety 
has  long  been  cultivated  at  the  mouth  of  the  Yangtze  River.  All 
these  are  well  adapted  to  growth  under  the  conditions  obtaining  in 
our  sorghum  belt 

The  larger  islands  near  the  coast  of  Asia  show  a  few  forms,  appar- 
ently derived  from  the  mainland. 

Europe  received  a  sorghum  variety  from  India  during  the  first 
rentury,  A.  D.  Only  two  or  three  forms  of  the  sorgo  type  had  boon 
obtained,  either  through  importation  or  evolution,  up  to  about  one 
hundred  and  thirty  years  ago.  Only  broom  corn  and  a  few  sorgos 
are  now  found  there. 

No  cultivated  sorghums  are  native  to  the  New  World.  Probably 
the  earliest  introduction  was  the  Guinea  kafir  in  the  West  Indies. 

Scattering  introductions  have  appeared  in  the  United  States  since 
early  colonial  days.  With  the  exception  of  broom  corn,  none  was 
permanent  until  the  arrival  of  the  sorgo  group  about  fifty-five  years 
ago,  followed  by  the  durras  and  kafirs  about  twenty  years  later,  shallu 
about  twenty  years  ago,  and  the  kowliangs  recently. 

BOTANICAL    HISTORY    AND    CLASSIFICATION. 

Sorghum  was  first  known  in  Europe  as  Milium  indicum^  or  Indian 
millet,  in  reference  to  its  origin.  Many  similar  names  were  applied 
later. 

The  common  name  sorghum,  or  sorgo,  was  derived  more  than  three 
hundred  and  sixty  years  ago  from  the  Latin  word  ''  surgo,"  ineaning 
to  rise  or  tower,  in  reference  to  the  height  of  sorghums  in  comparison 
with  that  of  other  crops. 

During  the  sixteenth,  seventeenth,  and  eighteenth  centuries  the 
European  forms  were  named  and  described,  with  occasional  figures, 
by  many  pre-Linnean  botanists. 

The  earliest  accepted  binomial  is  IIolcus  soivjhmn  L.,  1753. 
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By  the  middle  of  the  nineteenth  century  fully  thirty  botanical  spe- 
cies had  been  described  from  cultivated  forms  and  about  sixty  bi- 
nomial combinations  had  been  made. 

Only  a  part  of  these  so-called  species  can  be  identified  with  exist- 
ing available  forms  to-day. 

Since  about  1850  the  differing  forms  of  cultivated  sorghums  have 
been  regarded  as  botanical  or  horticultural  varieties.  Descriptions 
have  commonly  been  drawn  from  the  heads  and  seeds  only,  ignoring 
the  characters  of  the  plant. 

During  the  past  half  century  numerous  classifications  of  varying 
scope  and  completeness  have  been  constructed.  Any  satisfactory 
classification  must  take  account  of  the  habit  and  characters  of  the 
entire  plant  and  have  regard  for  natural  groups. 
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petit,  name  applied  to  Guinea  kafir  in  the  French  West  Indies 31 

proeo.    See  Panicum  miliaceum. 

reed,  early  European  name  for  sorghum 26 

Millets  in  China 23 

Europe,  use 27 

varieties,  early,  description 36 

Milk),  derivation  of  name 35 

maize,  white,  name  used  in  United  States  for  Guinea  kafir 82 

Milo,  a  group  of  sorghums 7 

derivation  of  name 35 

introduction  and  importance  in  United  States 34 

possible  origin  from  durra  safra  in  Egypt 19 

Morison,  Robert,  references 37, 40 

Morocco.    See  Barbary  States. 

Mpemby  sorghum,  native  of  Madagascar,  South  Africa,  description 15-16 

Natal,  distribution  of  sorghum 13-14 

intax>duction  of  kafirs  into  United  States 13, 15 

Borgos  into  Europe 13, 28, 29 

United  States 13,33 

kafir  varieties 13, 14, 15 

roxburghii  group  of  sorghums  not  native 14 

Neesii,  use  as  a  varietal  name 46 

NsToeum,  use  as  a  specific  name 44 

Niger,  use  as  a  specific  or  varietal  name 44, 46 

Su  aUo  Holcus  niger. 

Nigeria.    See  Guinea,  Upper. 

NigerrimuB,  use  as  a  specific  name 44 

Nigricans,  use  as  a  specific  name 44 

Nili,  name  for  fall-sown  sorghum  crop  in  Egypt 19 
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Nomenclature  and  botanical  history  of  eorghum 35-48 

Oicott,  Henry  J.,  references 33, 48 

Orange  Free  State.    See  Orange  River  Colony. 

River  Colony,  distribution  of  sorghum,  description  of  varieties,  etc 14-15 

introduction  of  Kafirs  into  United  States 14-15 

Pacific  islands,  distribution  of  sorghum,  description  of  varieties,  etc 25-2( 

Panicum  miliaceum,  included  under  term  ^'milium " 35, 41 

references 11, 27, 35,41 

Parkinson,  John,  references 38, 31 

Patents,  United  States  Commissioner,  experiments  with  and  distribution  of 

sorghum  seed 3S 

Pearl  millet.    See  Millet,  pearl. 

Pech,  F.,  sorghum  classification 42 

Pcnnisetum  spicatum.    See  Millet,  pearl. 

Persoon,  C.  H.,  reference 44 

"Petit  millet."    See  Millet,  petit. 

Pilger,  R.,  reference 4^ 

Planter  sorgo.    See  Sorgo,  Planter. 

Pliny,  references 10,28,35,36,37,39,40,43,4^ 

Porta,  Giambattista,  early  author,  date  and  names  for  sorghums 31 

Pnnce,  William  R.,  first  American  grower  of  Chinese  sorgo 3J 

Proso  millet.    See  Panicum  miliaceum. 

Pyramidale,  use  as  a  specific  name 4^ 

Rabi,  the  fall-sown  sorghum  crop  in  India 2S 

Rauwolf,  reference S 

Ray,  John,  references 27, 37, 4( 

Reed  millet.    See  Millet,  reed. 

Rhodesia,  distribution  of  sorghimi IJ 

Roxburghii  group  of  sorghums,  adaptability  to  Southern  States li 

in  Natal 1 

Upper  Guinea 1 

use  as  a  varietal  name 15, 1 

RubenvS,  use  as  a  specific  name 4 

Ruel,  Jean,  early  author,  date  and  name  for  sorghum 3 

Saccharatus,  use  as  a  specific  or  varietal  name 41, 42, 43, 44, 45, 4 

See  also  Holcus  saccharatus. 

Safra,  the  yellow-seeded  durra  of  Egypt,  description 1 

Sagina,  early  name  for  sorghum,  derivation 3 

Sapling  sorgo.     See  Sorgo,  Sapling. 

Sativus,  use  as  a  subspecific  name 4 

Scaliger,  J.  C,  early  author,  dat«  and  name  for  sorghum 3 

Schumann,  K.,  reference i 4 

Sefi,  name  for  spring-sown  sorghum  crop  in  Egypt 1 

Senegal.     See  (iuinea,  Upper. 

Setaria  italica,  reference 1 

Shallu,  a  group  of  norghums 7, 2 

variety  of  roxburghii 2 

Sloane,  Hans,  references 31, 37, 40, 4 

Sorghi,  early  name  for  sorghum,  derivation 3 

not  an  oriental  name 3 

Sorgho,  early  name  for  8on?hum,  derivation 3 

in  Unit ed  States  for  Chinese  sorgo 3 
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Pago. 

Socj^iun,  agricultural  history  and  distribution 8-35, 48  -49 

ancient  Hebrew  names 10 

antiquity 10-11 

arduini,  description 43 

botanical  history  and  classification,  summary 49-^ 

nomenclature 35-48 

(^hinese,  kowliang  group,  varieties  and  characteristics 23-24,  25 

Set  also  Kowliang;  Millet,  tall;  and  Soxgo,  Chinese. 

claasification,  beginnings 45-48 

cultivated,  origin 8-10 

species,  alphabetical  list 44 

definition  of  term 7-8 

distribution  and  agricultural  history 8-35 

geographical 1 1-35 

in  Abyssinia,  description  of  varieties,  etc 17-18 

Barbary  States,  description  of  varieties,  etc 19-20 

British  East  Africa,  description  of  varieties,  etc 16 

Egyptian  Sudan,  description  of  varieties,  etc  .        17 
Central   America  and   West   Indies,   description   of 

varieties,  etc 31-32 

China,  description  of  varieties,  etc 23-25 

Egypt,  description  of  varieties,  etc 19 

equatorial  Africa,  description  of  varieties,  etc 16 

Eiurope,  description  of  varieties,  etc 26-31 

French  Sudan,  description  of  varieties,  etc 16-17 

German  East  Africa,  description  of  varieties,  etc 16 

India,  description  of  varieties,  etc 21-23 

Madagascar,  description  of  varieties,  etc 15-16 

Natal,  description  of  varieties,  etc 13-14 

North  Africa,  description  of  varieties,  etc 18-19 

Orange  River  Colony,  description  of  varieties,  etc..  14-15 

Pacific  Islands,  description  of  varieties,  etc 25-26 

Rhodesia,  description  of  varieties,  etc 15 

South  Africa,  description  of  varieties,  etc 13-16 

America,  description  of  varieties,  etc 31 

Sudan,  description  of  varieties,  etc 16 

Transvaal,  description  of  varieties,  etc 15 

United  States,  description  of  varieties,  etc 32-35 

Upper  Guinea,  description  of  varieties,  etc 17 

early  distribution  to  other  countries  from  India 10-1 1 ,  35 

Egyptian,  valueless  in  United  States 19 

European,  uses  and  value 27 

groups,  principal,  key 8 

importance  as  food  plant  in  Africa 11 

India,  varieties,  description,  acreage,  yield,  etc 21-23 

names,  early,  and  early  writers,  dates. 36-41 

popular,  early  origin  in  Europe 35 

nomenclature,  binomial 41 

not  native  to  New  World 49 

roxburghii  group,  adaptability  to  Southern  States 16 

species,  botanical 41 

of  Arduino 42-44 
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Sorghum,  species  of  Forsk&l 4J 

later  authors 4^ 

Lmn6 41-4i 

sugar  making,  early  experiments  and  results 28-2S 

sweet.    See  Sorgo. 

twin-seed,  in  India 11, 2 

use  as  a  specific  or  varietal  name 41, 42, 43, 44, 45, 4 

in  manufacture  of  fermented  drink  in  Africa 1 

varieties,  increasing  number 4 

variety  o vulifer,  grain  production,  value 1 

vulgare,  references 44, 4 

Soighum.  See  also  Andropogon;  Com,  broom;  Com,  chocolate;  Com,  Guinea; 
Durra;HolcuB;  Kafir;  Kowliang;  Millet;  Millets;  Millo;  Milo;  Shallu;  Soi^hi; 
Soigho;  Soi^i;  Sorgo;  Soigum;  Surga. 

Soigi,  early  name  for  sorghum,  derivation 3 

Sorgo,  a  group  of  sorghums 

Amber,  cultivation  in  Canada 3 

importance  in  United  States 3 

introduction  from  United  States  into  South  America 3 

into  Arabia 2 

origin  from  Chinese  sorgo 25, 3 

similarity  to  Chinese  soigo 2 

Collier,  probable  origin 3 

Chinese,  cultivation  and  use  in  China 2 

introduction  into  France 24, 2 

United  States 25,32-3 

origin  and  description 1 24-2 

early  name  for  sorghum,  derivation 3 

from  Natal,  native  names  and  descriptions 3 

Gooseneck,  probable  origin 3 

Honey,  probable  origin 8 

introduction  from  Natal  into  Europe  and  United  States 29-3 

native  and  introduced  varieties  of  India 2 

Orange,  origin  and  importance  in  United  States 3 

origin  and  importance  in  United  States •    3 

Planter,  a  similar  form  found  in  Natal 13, 4 

probable  orij^in 3 

Sapling,  probable  origin 3 

Sumac,  origin  and  importance  in  United  States 3 

Sorgsaet,  early  Belgian  name  for  sorghum,  derivation 3 

Sorgsamen,  early  German  name  for  sorghum,  derivation 3 

Sorgum,  generic  name  proposed  by  Micheli 4 

South  Africa.    See  Africa,  South. 

Spain,  introduction  of  sorgos  from  United  States 3 

Stapf ,  Otto,  reference 

Stewart,  F.  L.,  reference 

Subba  Rao,  references 10, 

Subglabrescens,  use  as  a  specific  name 

Sudan,  British-Egyptian,  distribution  of  sorghum,  description  of  varieties,  etc. 

distribution  of  soighum,  description  of  varieties,  etc 

French,  distribution  of  soighum,  description  of  varietiee,  etc 16-! 

Sugar,  sorghum,  production,  early  experiments  and  results 2S-29, 3 
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lomac  soigo.    See  Soigo,  Sumac.  Page. 

ftimmary  of  bulletin 48-50 

fimga,  early  name  for  soi^ghum,  derivation 36 

Syria,  aorghum,  grain-bearing,  uee  as  food 10 

Ste  alto  Asia,  southwest. 

T^hnicuB,  use  as  a  varietal  name 46 

figriu  Valley,  antiquity  of  sorghums 10 

Tqgobjid.    Su  Guinea,  Upper. 

Toumefort,  Joseph  Pitton,  early  author,  date  and  name  for  sorghum 37, 41, 43 

thgui,  Bieronymus,  early  author,  date  and  name  for  sorghum 36, 37, 38 

1hD0\'aal,  distribution  of  sorghum,  description  of  varieties,  etc 15 

Iiipoli.    See  Barbary  States. 

^chmenonim,  use  as  a  specific  or  varietal  name 44, 46 

hnia.    See  Barbary  States. 

furkestan,  Russian.    See  Asia,  southwest. 

pVin-seed  *'  sorghum.    See  Sorghum,  twin-seed. 

BiDited  States,  distribution  of  Chinese  sorgo  by  Conmussioner  of  Patents 32 

'                                             sorghum,  description  of  varieties,  etc 32-^ 

early  use  of  broom  com 32 

introduction  of  Chinese  sorgo 32 

I                     northern  extension  of  sorghum  culture 11 

origin  of  sorghums  in  cultivation 13-15, 25, 28-33 

DlBorum,  use  as  a  specific  or  varietal  name 44, 46 

?arietieB,  sori^um.    See  Sorghum,  varieties. 

fenricolor,  use  as  a  specific  name 44 

nhnorin-Andrieux  &  Co.,  references 29, 32 

:            Louis,  reference 29 

lilgire,  use  as  a  specific  or  varietal  name 44, 46 

^dschenhirse,  early  German  name  for  sorghum,  derivation 36 

freet  Indies  and  Central  America,  distribution  of  sorghum,  description  of  vari- 
eties, etc 31-32 

ite  durra.    See  Durra,  white. 

ig,  Franz,  reference 10 

hy,  Leonard,  references 13, 29-30, 33, 45 

vm-nala,  Sanskrit  name  for  sorghum 10 

bamays.    ^e^Com. 
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SEEDS  AND  PLANTS  IMPORTED  DURING  THE 
PERIOD  FROM  JULY  1  TO  SEPTEMBER  30,  1909: 
INVENTORY  NO.  20;  NOS.  25718  TO  26047. 


INTBODXJCTO&Y  STATEMENT. 

This  inventory,  covering  the  first  quarter  of  the  fiscal  year  from  July 
1  to  September  30,  1909,  contains  329  introductions.  The  first  quar- 
ter has  always  been  fight,  so  far  as  the  number  of  introductions  is 
concerned.  This  quarter's  mtroductions  have  been  unusually  so, 
owing  to  the  fact  that  no  explorers  were  in  the  field  and  changes  in  the 
office  force  interfered  with  regular  correspondence;  further,  to  the 
fact  that  only  those  introductions  deemed  of  special  interest  are 
being  included,  those  considered  of  minor  importance  being  recorded 
in  the  office  files  only. 

Of  unusual  interest  in  this  inventory  might  be  mentioned  the 
following  introductions: 

Numbers  25858  and  25859  cover  the  seeds  of  the  rattan  palms 
which  supply  the  valuable  material  for  the  manufacture  of  cane- 
seated  chairs,  street-car  seats,  baskets,  etc.,  and  whose  cultivation 
as  a  tropical  crop  seems  to  have  been  given  very  little  attention. 
The  abifity  of  these  climbing  palms  to  thrive  in  dense  jungles  is.  be- 
lieved to  be  worthy  the  attention  of  tropical  planters  in  the  Western' 
Hemisphere. 

An  importation- of  seeds  of  the  '^Queensland  nut,''  Macadamia 
temifolia  (No.  25845),  calls  attention  to  the  possibifities  of  cultivating 
this  plant  in  parts  of  CaUfomia  and  southern  Florida.  Trees  are 
now  growing  in  southern  CaUfomia  which  have  borne  nuts  for  the 
past  two  seasons.  The  Macadamia  is  being  cultivated  in  Queens- 
land and  New  South  Wales,  and,  according  to  our  information,  the  nuts 
are  very  well  liked  in  Sydney,  where  they  retail  for  as  much  as  a 
shilling  a  poimd. 

In  order  to  aid  in  the  experiments  with  the  horse  bean,  Viciafaba, 
which  are  being  carried  on  by  the  Office  of  Forage-Crop  Investiga- 
tions, a  collection  of  this  important  winter  legume,  adapted  to  the 
mild  winters  of  the  Southwestern  States,  has  been  gathered  together 
from  India,  Egypt,  Holland,  Hungary,  China,  Kashmir,  and  Spain, 
and  it  is  hoped  that  more  definite  information  can  be  secured  regard- 
ing the  adaptabiUty  of  this  crop  to  our  southwestern  country. 

The  ''Monketaan"  stock  melon  (No.  25934)  comes  to  us  recom- 
loended  by  Mr.  Lounsbury  and  Mr.  Thornton,  of  the  Department  of 
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Agriculture  of  Cape  Colony,  as  a  plant  worthy  of  being  given  unusual 
attention.  According  to  their  statements,  this  melon,  which  is  of  the 
nature  of  a  watermelon,  is  quite  distinct  from  the  well-known  Tsama 
melon,  which  grows  on  the  west  side  of  the  Kalihari  desert.  This 
is  foimd  on  the  east  side  of  the  desert  and  is  remarkable  for  the  high 
yield  of  melons  to  the  acre.  As  many  as  150  tons  have  been  pro- 
duced to  the  acre,  75  tons  being  not  at  all  unusual. 

The  interest  in  new  varieties  of  mangos  has  become  general  enough 
in  Florida  to  warrant  our  calling  particular  attention  to  the  'Tahu- 
tan"  mango  (No.  25940),  introduced  by  Mr.  WilUam  S.  Lyon  from 
the  FhiUppines.  Although  not  as  large  a  fruit  or  as  small  seeded  as 
some  of  the  East  Indian  mangos,  it  fruits  early  and  is  enormously 
prolific  (which  some  of  the  East  Indian  varieties  are  not).  Accord- 
ing to  Mr.  Lyon  its  sweetness  and  juiciness  are  unapproached  by  any 
other  of  the  many  Filipino  mangos  he  has  eaten.  Its  thick  skin  will 
probably  make  it  a  good  shipper. 

The  oriental  Myrica  nagi  has  been  introduced  under  No.  25908. 
This  extremely  interesting  fruit  plant,  whose  dark  wine-colored  fruits 
are  exceedingly  ornamental,  has  not  been  given  the  attention  which  it 
deserves.  There  seem  to  be  a  number  of  varieties  of  this  fruit,  and, 
although  it  is  a  slow-growing  tree  and  late  coming  into  bearing,  it  is 
deserving  of  a  trial  in  CaUfornia  and  northern  Florida. 

The  great  value  of  a  variety  of  cherry  which  is  hardier  in  fruit  bud 
than  other  cherries  is  conceded  by  the  horticulturists  of  the  North 
western  States.  Those  who  are  breeding  or  experimenting  wntl 
cherries  will  therefore  be  interested  in  the  introduction  of  PrunvA 
tomentosa  (No.  25880),  which  has  been  especially  recommended  bj 
Professor  Macoun,  of  the  Experimental  Farm  a^  Ottawa,  Canada 
Trees  of  this  species  have  been  placed  in  the  Upper  Mississippi  Vallej 
Plant  Introduction  Garden  at  Ames,  Iowa,  for  further  trial  anc 
propagation. 

Of  especial  interest  and  problematic  value  is  a  collection  of  peach 

apricot,  and  cherry  seeds  from  the  Himalayas  (Nos.  25894  to  25896) 

The  Indian  bael  fruit  (Nos.  25879,  25889,  25890,  and  25912)  is  on< 

which  may  prove  valuable  for  making  sherbets  and  for  the  flavorinj 

of  soft  drinks.     A  collection  of  varieties  of  tropical  com,  representing 

some  of  the  best  work  done  by  the  Harvard  Experiment  Station  ii 

Cuba;  a  collection  of  oats  from  Algeria,  Palestine,  Sweden,  and  Tur 

key  for  the  oat  breeders;  and  a  wild  olive,  Oleafoveolata  (No.  25846) 

from  the  East  London  district  of  Cape  Colony,  are  also  worthy  o 

special  mention. 

David  Faikchild, 

Agricultural  Explorer  in  Charge, 

Office  of  Foreign  Seed  and  Plant  Introduction, 

Washin^orij  D,  C,  December  24,  1909. 
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2S718  to  26722. 

From  Cartago,  Costa  Rica.    Presented  by  Mr.  C.  Werckl6.    Received  July  2, 1909. 
Seeds  of  the  following;  descriptive  notes  by  Mr.  Werckl6. 

26718.    AxACARDnTM  occedentale  L.  Oaahew. 

*' These  seeds  are  from  the  best  and  largest  varieties  I  could  find ;  red^  yellow, 
and  tawn  color,  the  latter  are  the  best.  They  are  from  the  large  grove  of  Don 
Rafael  Yglesias,  in  the  Cazalar." 

26719.      CUCURBITA  MOSCHATA  Duch. 

' '  Pipian.    Most  prolific  pumpkin  of  the  Pacific  coast.    Full ;  white  fleshed . ' ' 

26720.  Garica  papaya  L.  Papaw* 
**Good,  very  large  variety." 

26721.  Garica  peltata  Hook.  &  Am. 

"Svara.  Fruit  very  small,  globular,  full  (no  cavity),  sweet,  and  fragrant. 
For  crossing.  Eaten  with  the  seeds  as  Granadilla.  Ovary  full,  on  account  of 
formation  of  cellular  tissue  on  the  funiculus  the  funiculi  of  the  center  of  the 
placenta  are  very  long.    Pulp  soft,  skin  very  thin." 

Distribution. — A  native  of  Central  America,  found  on  the  coast  of  Nicaragiia 
and  Costa  Rica. 

26722.  Carica  papaya  9  X  peltata  $ 

'* Small,  sweet,  fragrant  fruits,  not  full  or  solid  as  the  Stuxra.^* 

S6723  and  26724.   , 

From  Baroda,  India.    Presented  by  Mr.  B.  F.  Cavanagh,  superintendent,  State 
Gardens.    Received  July  3,  1909. 

Seeds  of  the  following: 

26723.  Terminalia  bbllerica  (Gaertn.)  Roxb. 
See  S.  P.  I.  No.  25541  for  description. 

26724.  Phyllanthus  eublica  L. 

''A  small  deciduous  tree  of  the  family  Euphorbiacese,  found  in  China,  Japan, 
India,  and  elsewhere.  The  unripe  fruit,  formerly  official  in  medicine,  is 
known  commercially  as  emblic  myrobalans  and  with  the  leaves  and  bark  is 
used  in  tanning.  The  leaves  have  been  found  to  contain  18  per  cent  tannin 
and  the  bark  12.6  per  cent.  Introduced  for  trial  in  the  Southern  States." 
(W.  W.  Stockberger.) 

Distribution. — A  laige  tree,  native  of  tropical  India,  China,  and  the  Malay 
Archipelago. 

85725  to  26728. 

From  Baroda,  India.    Presented  by  Mr.  B.  F.  Cavanagh,  superintendent,  State 
Gardens.    Received  July  6,  1909. 
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26726  to  26728— Continued. 

Seeds  of  the  following: 

26725.    Stizolobium  sp. 

26726  to  26728.    Dolichos  lablab  L.  Bonavist  bean. 

26726.  Black.  26728.    Small  red. 

26727.  Large  red. 

26729.     Phaseolus  lunatus  L. 

From  Antdgtia,  Leeward  iHlands,  West  Indies.  Presented  by  Mr.  S.  Jackson, 
curator,  Government  Botanic  Station.     Received  July  3,  1909. 

''Barbuda  bean:* 

26730  and  26731.    Avena  spp.  Oat. 

From  Jerusalem,  Palestine.  Presented  by  Mr.  £.  F.  Beaumont.  Received 
July  6,  1909. 

Seeds  of  the  following: 

26730.  Avena  sterilis  L. 

26731.  Avena  sativa  L. 
Grown  from  Jaffa  seed. 

26732.  Stizolobium  sp. 

From  Lawang,  Java.    Presented  by  Mr.  M.  Buysman.    Received  July  10,  1909. 
Black  seeded. 

26733.  Medicaqo  sativa  L.  Alfalfa. 

From  Bridgeport,  Kans.  Grown  on  the  farm  of  Mr.  Carl  Wheeler.  Numbered 
for  convenience  in  recording  distribution,  July  12,  1909. 

"A  plant  selected  for  leafiness  and  seed  production  from  same  field  which  produced 
S.  P.  I.  No.  19508.  Grown  at  the  Department  greenhouse  under  Agios.  No.  20." 
(/.  M.  Westgate.) 

26736.    Zea  MAYS  L.  Oom. 

From  Pretoria,  Transvaal,  South  Africa.  Presented  by  Prof.  J.  Burtt  Davy,  gov- 
ernment agrostologist  and  botanist,  Transvaal  Department  of  Agriculture. 
Received  July  16,  1909. 

^'Hickory  King.    A  strain  now  being  developed  in  South  Africa.'*    (Davy.) 

26738.    Saccharum  officinarum  L.  Sugar  cane. 

From  Buitenzorg,  Java.  Presented  by  Dr.  M.  Treub,  director,  Department  of 
Agriculture.    Received  July  2,  1909. 

"Arrows  of  one  of  our  best  varieties  of  sugar  cane  (G.  Z.  No.  247).  Rather  a  laige 
percentage  of  these  seeds  do  not  germinate."    (Treub.) 

26740.    Panicum  palmaefolium  Koen. 

From  Pretoria,  Transvaal,  South  Africa.    Presented  by  Prof.  J.  Burtt  Davy, 
government  agrostologist  and  botanist,  Transvaal  Department  of  Agriculture. 
Received  July  19,  1909. 
"  I  do  not  consider  this  one  of  our  best  grasses,  but  it  is  a  useful  sort  in  shady  places, 
in  comparatively  warm  districts,  and  in  forest  glades."    (Davy.) 

Distribution. — A  native  of  tropical  Africa,  and  extending  to  the  Cape. 
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25742  to  215762. 

From  Bavaria,  Grennany.    Presented  by  G.  &  S.  Heil,  TQckelhausen,  near 
WQrzbuig,  Bavaria,  through  Mr.  Charles  J.  Brand.    Received  June,  1909. 

Seeds  of  the  following: 

25742  and  26743.    Hordeum  distichon  nutans  Schubl.  Barley. 

25742.  HeiVs  Banna  No.  4. 

25743.  HeU'a  Hanna  No,  t. 

25744  and  25745.    Hordeum  distichon  L.  Barley. 

25744.  Original  Fnmconian  No.  1. 

25745.  HeiVi  Improved  Franconian. 

25746  and  25747.    Hordeum  distichon  nutans  Schubl.  Barley 

25746.  EeU's  Hanna  No.  1. 

25747.  ffeiVs  Hanna  No.  S. 

25748.    Trtticum  aestivum  L.  Wheat. 

Rimpau^a  Red  Schlanstetter  Summer. 
25740  and  25750.    Avena  satita  L.  Oat. 

25749.  Svalo/s  Ligowo. 

25750.  Beseler  No.  Z. 

25751.  Trifouum  pratense  L.  Bed  clover. 
German. 

25752.  Beta  vulgaris  L.  Sugar  beet. 

Remlingen. 

26768.    Stizolobium  sp. 

From  Calcutta,  India.  Procured  by  Mr.  William  H.  Michael,  American  consul- 
general,  who  purchased  the  seed  from  Mr.  S.  P.  Chatterjee,  seedsman. 
Received  July  23,  1909. 

Mottled  brown  and  black. 

26764.    CiTRULLus  tuloabis  Schrad.  Watermelon. 

From  Tamsui  (Daitotei),  Formosa,  Japan.  Presented  by  Mr.  Carl  F.  Deichman, 
American  consul.    Received  July  26,  1909. 

''Seeds  of  a  watermelon  growing  in  the  island  of  Formosa,  which  has  a  foirly  good 
flavor  and  I  believe  with  proper  cultivation  could  be  much  improved  in  quality. 
The  meat  of  the  melon  is  a  very  pretty  shade  of  yellow,  from  lemon  to  light-orange 
color,  and  the  size  averages  about  12  inches  in  diameter.  It  would,  no  doubt,  be 
quite  acceptable  in  the  laiger  restaurants  of  New  York,  where  there  is  always  a  demand 
for  something  out  of  the  ordinary.    It  is  not  rare  here."    (Deichman.) 

26766  to  26767.    Stizolobium  spp. 

From  Reduit,  Mauritiiis.  Presented  by  Dr.  P.  Boname,  director.  Agricultural 
Station.    Received  July  26,  1909. 

Seeds  of  the  following: 

25755.  Black. 

"This  is    the   most   extensively  cultivated    and    seems  to  be  the  most 
vigorous."    (Bonam£.) 

25756.  Greenish  yellow. 

25757.  Yellowish,  mottled  with  brown. 
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25768  to  26774.     Zea  mats  L.  Com. 

From  Ecuador.    Presented  by  Mr.  H.  R.  Dietrich,  American  consul-geneiBl, 
Guayaquil,  Ecuador.    Received  July  10,  1909. 

Seeds  of  the  following;  descriptive  notes  by  Mr.  Dietrich. 

26758.  ^'MaizamarillogruesodeChillo  (thick,  yellow  Ghillo  maize).  Grown 
near  Quito,  Ecuador,  at  an  elevation  of  about  8,500  feet,  in  rich,  black,  loamy 
soil.  Does  well  with  moderate  moisture  and  is  considered  to  produce  better 
than  any  other  variety  grown  in  Ecuador." 

26769.  ''Maiz  bianco  (white  maize).  Grown  near  Quito,  Ecuador.  Not 
quite  as  productive  as  some  other  varieties.  It  is  claimed  a  good  grade  of 
meal  may  be  made  from  it.'' 

26700.  ' '  Maiz  morocho  bianco  (white  *  twin '  maize) .  Grown  on  the  hacienda 
'Montezerin,'  parish  of  Guayllabamba,  near  Quito,  Ecuador.  Elevation, 
7,500  feet;  moderately  warm  climate;  sandy  loam  soil,  very  moist  on  account 
of  heavy  rains.    Produces  fairly  well." 

26761.  ''Maiz  morocho  grueso  de  Ohillo,  bianco  (thick  'twin'  Ghillo  maize, 
white).  Grown  near  Quito,  Ecuador.  Large,  white,  and  hard;  grown  at  an 
elevation  of  8,500  feet.    Rich,  black  soil;  moderate  rainfall;  produces  well." 

26762.  "Maiz  morocho  bianco  is  a  type  of  the  hard  maize  and  is  distinctive 
by  the  better  quality  of  its  chemical  composition.  It  acquires  greater  pro- 
portions than  other  kinds  and  is  as  productive  as  the  best  varieties  grown  in 
Ecuador,  but  is  somewhat  slow  in  its  growth  and  more  dependent  upon  the 
conditions  of  the  soil  than  other  varieties.  From  this,  it  is  claimed,  comes 
the  variety  belonging  to  the  hotter  climates.  This  variety  is  grown  in  a 
di£ferent  locality  in  Ecuador  than  nimibers  25760,  25761,  and  25763." 

26763.  "Maiz  morocho  amarillo  is  a  type  of  the  hard  maize  and  is  difitinctive 
by  the  better  quality  of  its  chemical  composition.  It  acquires  greater  pro- 
portions than  other  kinds  and  is  as  productive  as  the  best  varieties  grown  in 
Ecuador,  but  is  somewhat  slow  in  its  growth  and  more  dependent  upon  the 
conditions  of  the  soil  than  other  varieties.  From  this,  it  is  claimed,  comes 
the  variety  belonging  to  the  hotter  climates.  This  variety  is  grown  in  a 
different  locality  in  Ecuador  than  numbers  25760  to  25762." 

26764.  "Maiz  amarillo  (yellow  maize).  Grown  at  Tumbaco,  east  of  Quito, 
Ecuador,  at  an  elevation  of  8,000  feet.  Soil,  sandy  loam;  average  rainfall; 
produces  well. " 

26766.  "Maiz  amarillo  (yellow  maize).  Grown  on  the  hacienda  Tina,  parish 
of  Gonocoto,  near  Quito,  Ecuador,  at  an  elevation  of  9,000  feet,  in  black  soil. 
Does  well  with  moderate  rainfall. " 

26766.  "Maiz  delgado  amarillo  (thin,  yellow  maize).  From  parish  of 
Quinche,  near  Quito,  Eciiador.  Grows  in  mixed  or  black  sandy  soil  at  an 
elevation  of  about  8,000  feet  when  abundant  rain  falls. " 

26767.  '  'Maiz  delgado  pintado  (thin,  painted  maize) .  From  parish  Pomasqui, 
near  Quito,  Ecuador.  Elevation  8^000  feet;  sandy  soil;  average  rain&U; 
produces  well. " 

26768.  "Maiz  del  indio  (the  Indian's  maize).  Grown  on  the  table-lands 
in  the  interior  of  Ecuador. " 

26760.    "Maiz  Gangil.    Grown  on  the  table-lands  in  the  interior  of  Ecuador. " 

26770.  ' '  Maiz  amarillo  de  Ghillo  (yellow  Ghillo  maize) .  Grown  on  the  table- 
lands  in  the  interior  of  Ecuador. " 
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S5758  to  26774— Continued. 

d6771.    "Maiz  negro  (black  maize).    Grown  on  the  table-lands  in  the  interior 
of  Ecuador. " 

25772.    ''Maiz  amarillo  comun  (common  yellow  maize).    Grown  on  the  table- 
lands in  the  interior  of  Ecuador. " 

26773.    ' '  Maiz  Ghulpi .    Grown  on  the  table-lands  in  the  interior  of  Ecuador. " 

25774.    "Mixed  com  grown  on  the  low  land  near  Guayaquil.    Used  for  all 
purposes  for  which  com  may  be  used. " 

26775.    Jatbopha  sp. 

From  Vera  Cruz,  Mexico.    Presented  by  Mr.  William  W.  Canada,  American  con- 
sul.   Received  July  23,  1909. 

*'This  seed  came  from  a  tree  that  grows  wild  in  the  lowlands  of  this  district,  is  very 
abundant,  and  apparently  also  very  rich  in  oil.  The  local  name  is  DuraznUlo^  and  its 
commercial  value,  if  any,  is  imknown  here. "    {Caruuia.) 

tiTfB.    Lawsonia  inermis  L. 

From  Ancon,  Canal  Zone,  Panama.    Presented  by  Mr.  H.  F.  Schultz,  hcnrticul- 
turist.    Received  July  23, 1909. 

"This  plant  hss  proved  very  valuable  here  as  an  ornamental  and  flowering  shrub. 
the  individually  small  and  rather  insignificant  yellow  flowers  form  a  compact,  and 
yet  graceful,  panicle  and  are  produced  in  great  masses  between  the  small  fine  foliage. 
The  plant  often  produces  flowers  the  first  year  and  abundantly  after  that.  The  fra- 
grance is  very  strong,  somewhat  resembling  that  of  Cettrum  noctumumy  and,  like  the 
latter,  is  exhaled  even  more  strongly  in  the  evenings,  from  which  characteristic  it  has 
obtained  its  local  name  Dama  del  noche, 

"Although  I  do  not  know  whether  this  plant  has  ever  been  used  for  the  manufacture 
of  perfume  I  should  think  that  it  would  be  suitable  for  that  purpose  in  frost-free 
regions  of  the  United  States."    (Schultz.) 

"  Known  as  henna,  is  a  shrub  long  cultivated  in  the  Orient,  especially  in  Egypt  and 
Arabia,  where  it  is  used  for  a  variety  of  purposes.  The  flowers  serve  as  a  perfumery 
material  by  virtue  of  a  volatile  oil  which  they  contain,  having  an  odor  said  to  closely 
resemble  that  of  the  tea  rose.  Besides  their  use  in  applications  to  wounds,  sores,  etc., 
the  leaves  are  used  in  some  regions  to  color  the  finger  nails  red.  The  root  is  astrin- 
gent."    (R.  H.  True.) 

DiMbribution. — Probably  a  native  of  the  northern  part  of  Africa  and  western  Asia; 
generally  cultivated  throughout  the  warmer  parts  of  Asia  and  Africa. 

26777.     ZizYPHUs  jujuba  (L.)  Lam. 

From  Paris,  France.    Purchased  from  Vilmorin-Andrieux  &  Co.    Received  July 
27,1909. 

Procured  as  a  stock  for  Zizyphus  aativay  Chinese  date.  See  S.  P.  I.  Nos.  23439  to 
23446  for  description. 

26778  to  26781.     Glycine  hispida  (Moench)  Maxim.        Soy  bean. 

From  Buitenzorg,  Java.    Presented  by  Dr.  M.  Treub,  director,  Department  of 
Agriculture.    Received  July  19,  1909. 

Seeds  of  the  following: 

25778.    Bhick.  26780.    Yellow. 

25770.    Yellow.  25781.    Brown. 

170 


14  SEEDS  AND  PLANTS  IMPOBTED. 

26782  and  26783.    Albizzia  spp. 

From  Buitenzorg,  Java.    Presented  by  Dr.  M.  Treub,  director,  Department  of 
Agriculture.    Received  July  24,  1909. 

Seeds  of  the  following: 

25782.    Albizzia  stipulata  Boiv. 

A  large,  deciduous,  fast-growing  tree,  whose  wood  is  used  for  manufacturing 
cart  wheels,  wooden  bells,  cabinetwork,  and  furniture,  as  well  as  for  fuel;  the 
branches  are  used  for  fodder,  and  the  trunk  yields  a  gum,  which  is  used  for  sizing 
paper.  It  is  a  native  of  India  and  the  Malay  Archipelago,  and  widely  distrib- 
uted in  tropical  and  subtropical  Asia. 

26783.    Albizzia  holuccana  Miq. 

A  tree  with  large  compound  leaves,  and  bearing  flowers  in  small  globular 
heads.  The  stamens  are  long  and  form  an  ornamental  ball  around  the  head  of 
the  flowers.  The  pods  are  long  and  strap  shaped.  It  is  a  native  of  the  Molucca 
Islands. 

26784.    AvENA  sTERiLis  L.  Oat. 

From  Mustapha- Alger,   Algeria.    Presented  by  Dr.   L.   Trabut,   Government 
Botanic  Gardens.    Received  July  26,  1909. 

^'Variety  sub-8ai%va.    A  cultivated  oat  developed  by  utilizing  the  spontaneous 
mutations  of  Avena  sterilis.*^    (TrabiU.) 

26786  to  26788. 

From  Amani,  Hafen  Tanga,  German  East  Africa.    Presented  by  Dr.  A.  Zimmer- 
mann,  Royal  Agricultural  Institute.    Received  July  24,  1909. 

Seeds  of  the  following: 

25786  to  26787.    Vigna  unquiculata  (L.)  Walp.  Cowpea. 

26786.    Reddish  brown. 

26786.  Brown,  speckled  with  black. 

26787.  Mottled  brown. 

26788.    pENNisETUM  AMERicANUM  (L.)  Schum.  Pearl  millet. 

26797  and  26798. 

From  Buenos  Aires,  Argentina.    Presented  by  Dr.  Carlos  Thajrs,  director,  Botan- 
ical Garden.    Received  July  19,  1909. 

Seeds  of  the  following: 

26797.    AspiDOSPERMA  quebracho-blanco  Schlecht.    Quebracho-bianco. 

"An  eveigreen  tree  of  the  family  Apocynacese,  native  of  Aigentina.  The 
leaves  are  said  to  contain  27  per  cent  tannin.  The  bark,  variously  estimated 
as  containing  from  2  to  11  per  cent  tannin,  has  been  used  in  leather  making. 
The  bark  contains  also  6  alkaloids,  one  of  which,  aspidiospermine,  is  r^^irded 
as  of  most  importance  as  a  drug."    ( W.  W.  Stockherger.) 

Distribution. — A  large  tree,  native  of  the  valley  of  La  Plata  River  in 
Argentina. 

267G8.    ScHiNUS  nuiOAN  Molina. 

'^  This  tree,  of  the  family  Anacardiacese,  is  a  native  of  South  America,  and  is 
closely  related  to  the  *  pepper  tree '  cultivated  in  California.  It  has  been  said 
to  yield  19  to  20  per  cent  tannin,  and  according  to  Siewert  the  leaves  are  used 
in  South  America  as  a  tanning  material."    {W.  W.  Stockherger.) 

Distribution.^ A  native  of  South  America,  being  found  in  Brazil,  Argentina, 
Uruguay,  Chile,  and  Peru. 
176 


JULY  1  TO  SEPTEMBER  30,  1909.  16 

86799  to  26802. 

From  Saigon,  Cochin  China.    Presented  by  Mr.  Jacob  E.  Conner,  American  con- 
sul.   Received  July  30, 1909. 

Seeds  of  the  following: 

26709.    Cananoa  odorata  (Lam.)  Hook.  f.  &  Thom.  Hang  ilang. 

See  S.  P.  I.  No,  22744  for  description. 

IHstribulion. — A  native  of  Java  and  the  Philippine  Islands,  and  cultivated 
in  India  and  other  tropical  countries. 

25800.  Crintjm  asiaticum  L. 

^'I  consider  this  one  of  the  most  ornamental  plants  I  know  for  a  lawn  or  a 
large  jardiniere. '  *    ( Conner. ) 

DistrilnUion. — Native  and  cultivated  throughout  tropical  India  and  Ceylon. 

25801.  DiPTEROCARPUS  DYERi  Pierre. 

^'Dau  song  nang^ 

Distribution.— K  large  tree  of  the  valley  of  the  Donnai  River,  in  the  region 
around  Saigon,  Cochin  China. 

25802.  DiPTEROCARPUS  PUNCTULATUS  Pierre. 
Distribution. — Same  as  No.  25801. 

25803.     Caesalpinia  nuqa  (L.)  Ait. 

From  Luzon,  Philippine  Islands.    Presented  by  Mr.  William  S.  Lyon,  Manila, 
P.  I.    Received  July  30,  1909. 

**A  very  attractive  and  sweet-scented,  flowered,  scandent  shrub."     (fjyon.)    See 
S.  P.  I.  No.  20944  for  previous  introduction  and  description. 

Distribution. — A  native  of  the  southern  part  of  Asia,  and  extending  through  the 
Malay  Archipelago  and  Polynesian  Islands  to  Australia. 

26804  to  25807.     Medicaoo  sativa  L.  Alfalfa. 

From  Mitchell,  S.  Dak.    Presented  by  Prof.  W.  A .  WTieeler,  through  Mr.  CharleH  J. 
Brand.    Received  July  31,  1909. 

Seeds  of  the  following: 

25804.  "^South  Dakota  No.  162.)  Grimm  alfalfa,  crop  of  1908.  Originally 
grown  at  Kiilsheim,  near  Tauberbischofsheim,  Baden,  Germany.  (See  S.  P. 
I.  No.  24767.)  Brought  to  Carver  County,  Minn.,  in  1857,  and  grown  there 
since  1858.  Present  sample  grown  at  Mitchell,  S.  Dak.,  in  1908,  from  seed 
secured  in  Carver  C^oimty,  Minn.,  in  1904,  and  grown  at  Ilighmore,  S.  Dak., 
1905  to  1906.  Highmore  seed  taken  to  Mitchell,  S.  Dak.,  in  1907,  where  it 
has  since  been  grown.  The  1907  crop  of  this  same  strain,  grown  at  Mitchell, 
S.  Dak.,  is  under  experiment  under  P.  L.  H.  Nos.  3329  and  3331."    (Brand.) 

25805.  "(South  Dakota  No.  164.)  Acclimatized  Turkestan  alfalfa,  crop  of 
1908.  Originally  imported  from  Tashkent,  Turkestan,  in  1898,  under  S.  P.  I. 
No.  991.  Grown  at  Brookings,  S.  Dak.,  from  1898  to  1904.  Brookings  seed 
taken  to  Highmore,  S.  Dak.,  and  grown  there  from  1905  to  1906.  Highmore 
seed  taken  to  Mitchell,  S.  Dak.,  and  grown  there  since  1907.  The  1907  crop 
of  this  number  is  under  experiment  under  P.  L.  H.  No.  3330."     (Brand.) 
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26804  to  26807— Continued. 

26806.  ''(South  Dakota  No.  167.)  Of  unknown  origin.  PuTchased  from  a 
seed  dealer  at  Hartford,  S.  Dak.,  in  1894,  and  grown  near  Baltic,  S.  Dak., 
from  1894  to  1904.  Baltic  seed  grown  at  Highmore,  S.  Dak.,  from  1904  to  1906. 
Highmore  seed  grown  at  Mitchell,  S.  Dak.,  from  1907  to  the  present  time. 
Seed  of  the  1906  crop  is  under  experiment  under  S.  P.  I.  No.  19969  and 
P.  L.  H.  No.  3251.  The  1907  seed  is  under  experiment  under  S.  P.  I.  No. 
22946  and  P.  L.  H.  No.  3332.  The  present  sample  and  S.  P.  I.  No.  25537  aje 
of  the  1908  crop.    (The  so-called  Baltic  alfalfa.)"    (Brand.) 

25807.  ''(South  Dakota  No.  240.)  Acclimatized  Turlestan  alfalfa,  crop  of 
1908.  This  sample  was  grown  from  the  same  parent  seed  as  No.  25805,  South 
Dakota  No.  164.  This  strain  of  Turkestan  presents  one  of  the  most  striking 
examples  of  acclimatization  yet  encountered.  Seed  of  the  original  importa- 
tion, S.  P.  I.  No.  991,  was  grown  at  Highmore,  S.  Dak.,  &om  1899  until  1906. 
Highmore  seed  was  taken  to  Mitchell,  S.  Dak.,  in  1901,  where  it  has  since 
been  grown.  The  present  sample  and  S.  P.  1.  No.  25607  are  of  the  1908  seed 
crop,  grown  at  Mitchell.  The  1906  seed  crop,  grown  at  Highmore,  is  under 
experiment  under  P.  L.  H.  No.  3252."    (BroTid.) 

26816.  Taoca  pinnatifida  Forst. 

From  Quilimane,  2^mbesia,  Portuguese  East  Africa.  Presented  by  Mr.  O.  W. 
Barrett,  Director  of  Agriculture,  Loiu*en9o  Marquez,  Mozambique,  Portuguese 
East  Africa.    Received  July  31,  1909. 

"  Semicultivated  plant  having  3  to  5  Amorphophallus-like  leaves  from  a  cluster  of 
smooth,  thin-skinned,  roundish  corms  and  a  corymbose  cluster  of  greenish  flowers  on 
the  summit  of  a  naked,  yellowish,  erect  stipe  (some  3  to  4  feet  high,  about  twice  height 
of  leaves).  Corms  edible.  The  natives  use  it  in  a  variety  of  ways — ^like  potatoes  and 
dry  it  in  the  form  of  a  coarse  floiu*.  Habitat,  gardens  (and  vicinity)  of  natives  in 
Zambesia  district.    Native  name,  Flide.**    (Barrett.) 

Distribution, — Widely  distributed  in  Africa,  India,  Australia,  and  the  Pacific 
islands. 

26817.  Barosma  crenulata  (L.)  Hook.  Buchu. 

From  Cape  Town,  South  Africa.  Presented  by  Mr.  Charles  P.  Lounsbury,  govern- 
ment entomologist.  Department  of  Agriculture.    Received  August  2,  1909. 

"Buchu  succeeds  best  if  sown  in  time  and  treated  in  the  same  way  as  nursery  trans- 
plants. It  nat\irally  grows  in  amongst  large  rocks,  so  that  the  roots  go  into  the  ground 
at  the  side  of  the  rocks  or  large  stones;  this  keeps  the  roots  cool,  and  the  ground  holds 
moisture  longer.    Buchu  stands  here  at  1,500  to  4,000  feet  elevation."    (Lounsbury.) 

"This  is  a  shrub  about  3  feet  high  bearing  short-petioled,  opposite  leaves,  which 
vary  in  form  from  narrowly  oval  to  lanceolate,  with  crenate  margins  and  with  the 
surface  marked  by  pellucid  oil  glands.  The  leaves  form  a  drug,  official  in  many 
lands,  in  America  under  the  name  of  buchu  leaves^  valued  for  their  diaphoretic,  diuretic, 
and  tonic  properties.  They  contain  from  1  to  2  per  cent  of  a  volatile  oil.  The  plant 
occurs  uncultivated  in  the  vicinity  of  Cape  Town,  South  Africa."    (R.  H.  True.) 

36822  to  26831.  Gourd. 

From  Nice,  France.    Presented  by  Hon.  Dulany  Hunter,  consul-general.    Re- 
ceived August  3,  1909. 
Seeds  of  the  following: 

25822  to  25824.    Laoenaria  vulgaris  Ser. 

25822.  Ornamental,  Bpiral  shaped,  climbing. 

25823.  Ornamental,  bottle  shaped,  climbing. 

25824.  Bottle  shaped. 
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to  26881— Continued . 

211890.    LuFPA  CTUNDBiGA  (L.)  Roemer. 

Ornamental,  sponge,  climbing. 
90826  to  25880.    Laoenasia  vulgaris  Ser. 

25826.  Ornamefntal,  stick  shaped,  grim. 

25827.  Ornamental,  pointed  end,  climbing. 

25828.  Ornamental,  siphon  shaped,  climbing. 

25829.  Ornamental,  climbing.    From  Corsica,  Bachouela. 
25880.    Ornamental. 

25881.      CUCURBITA  PKPO  L. 

'*The '  Festival  des  (jongourdons '  is  held  here  in  the  spring,  and  these  seeds  are  from 
gourds  which  are  exhibited  theic.  The  nurseryman  states  that  the  seeds  should  be 
planted  in  a  flowerpot  and  not  transferred  until  the  plant  is  about  to  throw  out  a  few 
leaves;  that  the  soil  should  be  well  manured,  but  not  too  abundantly,  as  in  that  case 
the  gourd  does  not  become  sufficiently  dry  to  be  used  for  holding  liquids.  When  the 
plantB  are  huge  enoi^h  they  are  tied  to  trellis  work  so  they  cap  be  exposed  to  the  sun. 
They  need  comparatively  little  water,  and  the  fruit  should  be  protected  from  heavy 
dews  by  being  kept  covered  at  night.  The  seeds  are  planted  in  the  spring,  and  the 
fruit,  which  dries  on  the  plant,  is  ready  to  bo  gathered  by  the  end  of  September  or 
early  in  October.  The  peasants  at  Cimiez  produce  pipes  and  other  articles  of  odd 
shapes  by  wrappiag  parts  of  the  gourd  before  it  has  ripened  with  soft  pieces  of  cloth, 
and  are  Uius  enabled  to  bend  them  into  the  form  they  wish  to  produce.  In  thi^  way 
the  covered  parts  do  not  develop  freely,  and,  remaining  soft,  can  be  bent  into  the 
desired  shape."    (Hunter.) 

86841  to  26844.    Allium  cepa  L.  Onion. 

Ftom  Teneriffe,  Canary  Islands.  Presented  by  Mr.  Solomon  Berliner,  American 
consul.    Received  August  5, 1909. 

Seeds  of  the  following: 

25841.  Bermu^  Red.  25843.     Bermuda  White. 

25842.  Wildpret' 8  Golden.  25844.     Crystal- War. 

86846.    Macadamia  ternifglla  F.  Muell. 

From  Wellington  Point,  Queensland,  Australia.  Presented  by  Mr.  J.  Pink. 
Received  August  2, 1909. 

For  description,  see  S.  P.  I.  No.  18382. 

Distribution. — ^A  small  tree,  native  of  the  eastern  part  of  Australia,  being  found  in 
the  valleys  of  the  rivers  in  the  southeastern  part  of  Queensland,  and  in  New  South 
Wales. 

26846.     Olea  foveolata  E.  Meyer. 

From  East  London  district,  Gape  Colony,  South  Africa.  Presented  by  Mr. 
Charles  P.  Lounsbury,  government  entomologist,  Department  of  Agriculture, 
who  procured  the  seeds  from  Mr.  Henry  G.  Flanagan,  F.  L.  S.,  of  "Prospect," 
Komgha  district,  for  whom  they  were  collected  by  a  Mr.  Oliver.  Received 
August  9, 1909. 

''The  district  where  these  seeds  were  collected  has  a  warm,  temperate  climate  with 
about  30  inches  of  rainfall,  chiefly  in  the  sunmier  months. '*    (Lounsbury.) 

Diatnbution. — ^A  tall  shrub,  native  of  the  woods  of  the  southern  part  of  Africa. 
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26847.     pROTEA  GRANDiFLORA  Thunb. 

From  Grahamstown,  Cape  Colony,  South  Africa.    Presented  by  Mr.  J.  Medley 
Wood,  director,  Botanic  Gardens.    Received  July  31,  1909. 

A  shrub  or  small  tree,  3  to  10  feet  high,  with  oblong,  seasile,  shining  leave**,  and 
large,  whit«  flower  heads,  which  resemble  a  globe  artichoke  in  appearance. 

25848.     ScHLEiCHERA  TRiJUGA  Willd.  Eussum. 

From  Dhamtari,  Raipur,  India.    Presented  by  A.  E.  Lowrie,  esq.,  Deputy  Con- 
serv'ator  of  Fores U'.     Received  Augut»t  12,  1909. 

''This  seed  ought  to  be  sown  in  fairly  rich  sandy  loam,  in  boxes,  to  begin  w-ith. 
When  the  young  plants  are  about  9  inches  high  they  should  be  planted  out  in  a  well- 
drained  sandy  soil."     (Lowrie.) 

"This  Indian  tree,  known  as  the  lac  tree  or  Ceylon  oak,  is  one  of  the  sources  of  shel- 
lac. The  wingless  female  of  the  lac  insect  (Tachardia  lacca  Kerr)  with  its  piercing 
mouth  parts  punctures  the  bark  of  the  young,  tender  twigs,  from  which  the  shclliic 
flows  down  the  stems  and  hardens.  The  seed.*«  vield  a  fattv  oil,  the  so-called  'Macassar' 
oil,  which  contains  free  hydrocyanic  acid,  as  well  as  the  glyceridee  of  oleic,  ^Inaitic, 
and  arachidic  acids.  The  wood,  which  is  much  used,  is  hard  and  durable  and  takes 
a  polish.    The  sapwood  is  white,  the  heartwood  is  reddish  brown. ''    (R.  II.  True.) 

Distributxon.—  A  large  tree,  native  throughout  central  and  southern  India,  and 
extending  through  the  Malay  Archipelago  to  the  Philippines.. 

25849  to  25856.     Avena  sativa  L.  Oat- 

From  Madrid,  Spain.     Presented  by  Mr.  A.  Ramirez,  El  Uogar  Espafiol.     Re- 
ceived Augu.st  13,  1909. 

Seeds  of  the  following: 

25849.  Open,  white,  panicle. 

26850.  Large,  white. 

25851.  Common. 

25852.  Largo,  white,  panicle. 

25853.  Black,  open,  panicle. 

25854.  Black. 

25855.  Black  oat  with  pendent  panicle. 

25856.  Yellow. 

25867.     ViGNA  uNGuicuLATA  (L.)  Walp.  Cowpea. 

From  Venice,  Italy.     Presented  by  Dr.  Angelo  Sullam,  of  Portotolle,  Taglia  di 
Po,  Italy,  through  Mr.  Haven  Metcalf.     Received  August  14,  1909. 

Blacl'-Ei/f. 

25858  to  25860. 

From  the  Philippine  Islands.     Presented  by  Mr.  William  S.'  Lyon,  Manila.    Re- 
ceived August  16,  1909. 

Plants  of  the  following: 

25858  and  25859.  Calamus  sp. 

25858.  From  Batanes  Islands. 

25859.  From  Palawan  Island. 

'"Palasan". 
"All  the  good  rattans  I  know  are  strictly  equatorial  and  not  to  be  thought  of 
in  any  of  our  occidental  possessions  other  than  the  Canal  Zone.    I  have  crossed 
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25858  to  25860— Continued. 
25858  and  25859— Continued, 
the  Isthmus  twice.  The  yellow  clay  still  impresses  my  memory  with  its  sticki- 
ness and  with  its  similarity  to  the  yellow  clays  of  Mount  Canlaon  (Negros),  where 
I  think  perhaps  I  have  seen  the  most  riotous  growth  of  Palasan — our  bt»st  rat- 
tan. As  I  remember  it,  the  rainfall  on  the  Isthmus  is  probably  about  2,400  to 
2,500  mm.  (94  to  98  inches).  If  it  is  less  than  2,000  mm.  (about  79  inches),  I 
think  rattans  would  not  do  much,  although  at  Perak  the  precipitation  is  lees 
and  they  raise  some  good,  long- join  ted  cane?. 

"For  environment  the  rattans  want  jungle  and  plenty  of  it.  My  remem- 
brance of  the  zone  is  that  the  hills  were  unbroken  jungle.  Calamus  niust  have 
a  thick  majBs  of  medium-sized  vegetation  to  scramble  over. 

**  There  is  a  single  feature  of  Calamus  culture  which  differentiates  it  posi- 
tively from  ever>'  other  sylvan  product  with  which  I  am  acquainted.  It  is 
(if  there  be  any  such  thing)  an  exception  to  the  law  of  selection.  All  are  fit 
to  survive  under  conditions  where  all  other  species  except  those  fortuitously 
well  placed  would  succumb.  No  amount  of  crowding  or  shading  seems  to 
choke  off  a  young  rattan.  Its  progress  is  tedious  under  adverse  conditions, 
but  it  struggles  up  till  it  gets  light  and  then  nothing  but  the  bolo  or  cutlass 
can  hold  it  bac^k.  In  planting  practice,  this  gives  it  a  supreme  advantage  over 
most  plants.  Further,  it  eliminates  the  bugbear  and  expense  of  jungle  clear- 
ing, a  matter  which  is  to  be  heavily  reckoned.  I  am  not  prepared  to  give  a 
thesis  on  rattan  culture,  but  close  observation  of  its  behavior  in  our  sm(X)th 
bamboo  (cana  boho),  which  makes  a  thicket  impervious  to  any  animal  except 
a  wild  pig  and  which  is  voracious  enough  to  choke  out  every  other  kind  of 
vegetable  life  except  Calamus,  inspires  me  with  exceptional  credulity  to 
believe  it  can  be  grown  more  nearly  as  a  purely  spontaneous  crop  than  any 
economic  product  known,  not  excepting  common  timber  trees. 

"I  am  not  advocating  complete  neglect;  removal  of  a  fallen  limb  or  a  rank 
herbaceous  weed,  or  an  occasional  slash  with  a  bolo,  would  probably  accelerate 
growth,  but  it  is  not  an  essential  factor  to  success.  The  best  commercial  rat- 
tans, both  Calamus  and  Damonorpas,  are  spiny  as  hedgehogs  and  immune 
from  the  raids  of  even  deer.  Best  of  all,  they  are  renascent  from  the  butt, 
and  the  same  land  and  same  planting  may  be  cut  over  in  six  or  seven  years  for 
a  second  time.  There  are  two  very  serious  drawbacks  to  a  very  general  adop- 
tion of  rattan  planting  for  profit.  One,  their  shy  fruiting  habits  and  conse- 
quent scarcity  of  seed;  the  other,  slow  development. 

"The  fruits  are  eaten  by  birds,  and  seeds  can  only  be  obtained  where  they 
are  concealed  from  the  birds.  All  the  species,  I  fancy,  are,  as  seeds,  of  fugitive 
vitality.  This  is  not  only  my  own  limited  experience,  but  is  evidently  that 
of  European  seedsmen — those  who  are  specialists  in  palm  seeds,  and  who  rarely 
offer  them  for  sale.  As  most  of  the  species  until  they  reach  the  sprawling  age 
are  remarkably  ornamental,  far  more  so  than  most  palms,  I  can  only  explain 
their  absence  from  catalogues  of  tropical  ornamentals  upon  these  grounds. 

"I  can  give  you  no  idea  of  the  time  required  to  yield  a  crop.  1  only  know 
that  the  crop  is  slow,  very  slow.  The  renewal  crop  is  rapid.  I  have  seen  canes 
on  cut-over  lands  which  had  been  stripped  four  years  before.  I  think  in  five 
or  six  years  at  most,  and  on  poor  lands,  a  second  crop  can  be  depended  upon. 
A  seedling  crop,  perhaps,  in  10  years.'*    (Lyon.) 

25860.    LrviSTONA  whttfordii  Beccari. 

*'ThiB  is  far  more  compact,  bushy,  and  ornamental  than  Limstona  roturuH' 
folia."    (Lyon.) 

Distribution. — A  native  of  the  province  of  Tayabas  in  the  island  of  Luzon. 
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Si5861.    Manoifera  indiga  L.  Mango* 

From  Trinidad,  BritiBh  West  Indies.    Presented  by  Mr.  F.  Evans,  acting  superin* 
tendent,  Botanic  Gardens.    Received  August  18,  1909. 

Seeds. 

Jtdie,    See  S.  P.  I.  No.  21515  for  previous  introduction  and  description. 

26862.    Citrus  nobilis  Lour. 

From  Saigon,  Cochin  China.    Presented  by  Mr.  Jacob  £.  Conner,  American 
consul.    Received  August  14, 1909. 

Seeds.' 

"A  very  fine,  flat,  green-skinned  mandarin  orange,  a  little  larger  than  the  ordinary 
ones  of  this  type.  The  flesh  is  quite  reddi^  in  color,  and  the  flavor  is  a  combination 
of  that  of  the  ordinary  flat  and  the  round  loose-skin  oranges."    (Conner.) 

26863  to  26866. 

From  Nairobi,  British  East  Africa.    Presented  by  Mr.  and  Mrs.  C.  E.  Akeley, 
Chicago,  111.,  through  Mr.  Charles  J.  Brand.    Received  August  17,  1909. 

Seeds  of  the  following  economic  plants,  grown  by  the  Wakamba  tribe  of  natives: 

26868.    Pennisetum  americanum  (L.)  Sghum.  Pearl  millet. 

Cat-tail  millet,  called  by  the  Wakamba  tribe  Mwee. 

86864.    Eleusine  coracana  (L.)  Gaertn.  Bagi  millet. 

Wimbi, 

26866.    Cajan  indicum  Sprong. 

A  species  of  bean.    Mr.  Akeley  states  that  this  is  a  bean  of  rapid  growth  which 
the  natives  use  for  wood. 

26866.    Zea  mays  L.  Com. 

A  variety  of  Indian  com  grown  by  the  Wakamba  tribe. 

26867.    CiTBULLUs  vulgaris  Schrad.  Watermelon. 

From  Merw,  Russian  Turkestan.    Presented  by  Capt.  M.  L.  Cummins,  Sixteenth 
Infantry,  U.  S.  Army,  Fort  Crook,  Nebr.    Received  August  13,  1909. 

''The  melon  is  orange  colored  and  not  reddish  inside,  and  in  my  opinion  was  the 
best  I  have  ever  eaten.  The  seeds  came  from  a  melon  I  had  in  Merw  in  the  south- 
central  part  of  Turkestan.''    (Cummins.) 

S6868  to  26869. 

From  LourenQo  Marquez,  Portuguese  East  Africa.    Presented  by  Mr.  0.  W. 
Barrett,  Director  of  Agriciilture.    Received  August  14,  1909. 

26868.  (Undetermined.) 

^'(No.  29,  June  28,  1909.)  From  Nhamacurra,  Quilimane,  Portuguese  East 
Africa.  Native  name  (Chizena)  ^Mucuipile.'  A  forest  plant  growing  in  sandy 
soil.  Rhizome  (attaining  a  weight  of  several  pounds),  irregular  in  shape; 
starch  content  moderate.    Height  2  to  4  feet.*'    (Barrett.) 

26869.  Gladiolus  sp. 

''(No.  28,  June  28,  1909.)  From  Nhamacurra,  Quilimane,  Portuguese  East 
Africa.  Native  name  (Chizena)  'Tumbanimasa.'  A  plant  of  the  low  moist 
lands  of  the  Zambezi  Valley.  Flower  pale  yellow,  medium  size,  opening 
nearly  downward.  Bulb,  pale-brown  coat,  yellow  inside.  Height  2  to  3 
feet."  (Barrett.) 
176 


JTTLY  1  TO  SEPTEMBER  30,  1909.  SI 

85870.  SnzoLOBitrM  sp. 

From  Barbados,  British  West  Indies.  Presented  by  Mr.  Francis  Watts,  Commis- 
sioner of  Agriculture,  through  Mr.  John  R.  Bovell,  superintendent.  Received 
August  4,  1909. 

"Bengal  bean." 

85871.  Trxfolium  pratense  L.  Red  clover. 

From  Huntsville,  Ala.  Purchased  from  Mr.  Clarendon  Davis.  Received 
August  6,  1909. 

"Seed  of  red  clover,  which  has  proved  disease  resistant  at  Huntsville,  where  red 
clover  usually  suffers  severely.    This  strain  was  developed  from  surviving  plants." 

25874.    Passiflora  eduus  Sims.  Passion  fruit. 

From  Sydney,  Australia.  Presented  by  Van  Dyk  &  Lindsay,  importers,  209 
Washingfton  street,  New  York,  N.  Y.    Received  August  20,  1909. 

See  S.  P.  I.  No.  12899  for  description. 

Distribution. — ^A  native  of  Brazil,  and  cultivated  in  other  tropical  countries. 

25876.    Phaseolus  lunatus  L. 

Presented  by  Mr.  0.  W.  Barrett,  Director  of  Agriculture,  Louren^o  Blarques, 
Portuguese  East  Ahrica.    Received  August  21,  1909. 

"(No.  30,  July  24, 1909.)  A  slender-stem,  climbing,  bean-like  plant  received  from 
Ur.  Henry  Brown,  of  Mlanje,  Nyasaland,  and  stated  by  him  to  have  been  brought 
from  the  Kongo  basin.  Grown  at  Louren^o  Marquez.  Flowers  in  short  racemes, 
whitish."     (BarreU.) 

86879.     Belou  marmelos  (L.)  W.  F.  Wight.  Bael. 

From  Lahore,  Punjab,  India.  Presented  by  Mr.  W.  R.  Mustoe,  superintendent, 
Government  Archaeological  Gardens.    Received  July  31,  1909. 

See  S.  P.  I.  No.  24460  for  description. 

26880.     Prunus  tomentosa  Thunb. 

From  Ottawa,  Canada.  Presented  by  Mr.  W.  T.  Macoun,  horticulturist.  Central 
Experimental  Farm.  Received  at  the  Upper  Mississippi  Plant  Introduction 
Garden,  Ames,  Iowa,  July  29,  1909. 

''(Ames  Ac.  No.  458,  1909.)  'This  cherry  appears  to  be  hardier  in  fruit  bud  than 
any  other  cherry  we  have  at  the  Experimental  Farm,  and  as  it  makes  good  preserves 
and  is  fair  eating  I  think  it  quite  an  acquisition.'  (Macoun.)  For  more  complete 
description,  see  Annual  Report,  W.  T.  Macoun,  horticulturist.  Central  Experimental 
Farm,  Ottawa,  Canada.    1908  :  106."    (S.  A,  Beach.) 

« 

Distrihution. — A  shrub  or  small  tree,  occurring  in  the  northwestern  part  of  India, 
northern  China,  Manchuria,  and  Japan. 

85884  to  25887. 

From  Cochin  China.  Secured  by  Mr.  Xavier  Salomon,  chief.  Botanical  Garden, 
Saigon,  and  presented  by  Mr.  Jacob  E.  Conner,  American  consul.  Received 
August  24,  1909. 
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25884  to  26887— Continued. 

Plants  of  the  following: 

25884  to  25886.    From  Cape  St.  Jacques. 

25884.  CiNNAMOHUH  LOUREiRii  Nees. 

"This  species  is  supposed  to  be  one  of  the  most  valuable  sources  o 
some  of  the  best  cinnamon  that  comes  to  our  market.''    (R.  H.  True.) 

DistribtUion. — A  native  of  the  mountains  of  Cochin  China  and  of  Japan 

25885.  Atalantia  sp. 

25886.  Tbtracronia  cymosa  Pierre. 

Distribution. — A  shrub  or  small  tree,  native  of  the  mountains  in  th( 
vicinity  of  Binh  Dinh,  French  Indo-China. 

25887.    Garcinia  manoostana  L.  ICan^osteen 

From  Saigon.  "This  delicious  fruit  is  about  the  size  of  a  mandarin  orange 
round  and  slightly  flattened  at  each  end,  with  a  smooth,  thick  rind,  rich  red 
purple  in  color,  with  here  and  there  a  bright,  hardened  drop  of  the  yellow  juio 
which  marks  some  injury  to  the  rind  when  it  was  young.  As  these  mangoeteen 
are  sold  in  the  Dutch  East  Indies — ^heaped  up  on  fruit  baskets  or  made  up  inti 
long,  regular  bimches,  with  thin  strips  of  braided  bamboo — they  are  as  strik 
ingly  handsome  as  anything  of  the  kind  could  well  be,  but  it  is  only  when  th< 
fruit  is  opened  that  its  real  beauty  is  seen.  The  rind  is  thick  and  tough,  an< 
in  order  to  get  at  the  pulp  inside  it  requires  a  circular  cut  with  a  sharp  knifi 
to  lift  the  top  half  off  like  a  cap,  exposing  the  white  segments,  five,  six,  or  sevei 
in  number,  lying  loose  in  the  cup.  The  cut  surface  of  the  rind  is  of  a  mos 
delicate  pink  color  and  is  studded  with  small  yellow  points  formed  by  the  drop^  o 
exuding  juice.  As  you  lilt  out  of  this  cup,  one  by  one,  the  delicate  segmenta 
which  are  the  size  and  shape  of  those  of  a  mandarin  orange,  the  light-pink  aide 
of  the  cup  and  the  veins  of  white  and  yellow  embedded  in  it  are  visible.  Th< 
separate  segments  are  between  snow-white  and  ivory  in  color  and  are  covered 
with  a  delicate  network  of  fibers,  and  the  side  of  each  segment  where  it  presse 
against  its  neighbor  is  translucent  and  slightly  tinged  with  pale  green.  As  odi 
poises  the  dainty  bit  of  snowy  fruit  on  his  fork  and  looks  at  the  empty  pinl 
cup  from  which  it  has  been  taken,  he  hardly  knows  whether  the  delicate  flava 
or  the  beautiful  coloring  of  the  fruit  pleases  him  the  more,  and  he  invariabl] 
stops  to  admire  the  rapidly  deepening  color  of  the  cut  rind  as  it  changes  ai 
exposure  to  the  air  from  light  pink  to  deep  brown.  The  texture  of  the  man 
gosteen  pulp  much  resembles  that  of  a  well-ripened  plum,  only  it  is  so  delicati 
that  it  melts  in  your  mouth  like  a  bit  of  ice  cream.  The  flavor  is  quite  inde 
scribably  delicious  and  resembles  nothing  you  know  of,  and  yet  reminds  you, 
with  a  long  after- taste,  of  all  sorts  of  creams  and  ices.  There  is  nothing  to  mu 
the  perfection  of  this  fruit,  unless  it  be  that  the  juice  from  the  rind  forms  an 
indelible  stain  on  a  white  napkin.  Even  the  seeds  are  often  partly  or  wholly 
lacking,  and,  when  present,  are  generally  so  thin  and  small  that  they  are  really 
no  trouble  to  get  rid  of.  Where  cheap  and  abundant,  as  in  Java,  one  eats  these 
fruits  by  the  half  peck,  and  is  never  tired  of  them.  They  produce  no  feeling 
of  satiety,  such  as  the  banana  and  the  mango  do,  for  there  is  little  substance  tfl 
the  delicate  pulp."    (David  Fairchild.) 

26888  to  25890. 

From  India.    Presented  by   Mrs.    Effie   Pyle   Fisher,    Igatpuri,   through   Mitf 
Audrey  Goss.    Received  August  25,  1909. 
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8M88  to  26890— Continued. 

SeedB  of  the  following: 

26888.    Fbroxia  elephantum  Correa. 

"This  J8  the  wood-apple  of  India  and  Ceylon,  a  deciduous  tree  with  pinnate 
leaves,  bearing  a  fruit  about  the  size  of  an  orange,  but  with  a  very  thick,  woody 
rind. 

''The  pulp  of  the  fruit  is  acid  and  aromatic  and  is  sometimes  eaten  by  the 
native  of  India;  it  is  also  used  to  prepare  a  jelly  much  resembling  that  made 
from  black  currants,  but  this  jelly  is  said  to  have  a  very  astringent  taste. 

"This  plant  is  allied  to  the  bael  fruit  of  India,  Belou  marmelos,  and  is  being 
grown  to  hybridize  with  that  species,  and  also  for  trial  as  a  stock  upon  which 
to  graft  it."     ( W.  T.  Swingle.) 

Digtribution. — ^A  medium-sized  tree,  found  in  the  sub-Hinuilayan  forests, 
from  the  Ravi  eastward,  and  throughout  the  greater  part  of  the  plains  of  India, 
being  more  frequent  in  the  moist  tracts  of  Bombay,  Madras,  Bengal,  and  Burma 
than  in  northern  India. 

26880.    Belou  marmelos  (L.)  W.  F.  Wight.  Bael. 

Both  of  the  above  are  from  the  state  gardens,  Baroda. 
26800.    Belou  marmelos  (L.)  W.  F.  Wight.  Bael. 

From  Mr.  George  Hodson,  florist  and  seedsman.  Bangalore. 

See  S.  P.  I.  No.  24450  for  description  of  Belou  marmeloi. 

25891  to  26893. 

From  Ootacamund,  India.    Presented  by  Rev.  G.  N.  Thomssen,  American  Bap- 
tist Telugu  Mission,  Bapatia,  South  India.    Received  August  20,  1909. 

Seeds  of  the  following: 

25801.    Rhodomtrtus  tomentosa  (Ait.)  Wight. 

The  Downy  myrtle,  or  Hill  gooseberry,  is  a  handsome  evergreen  shrub,  with 
broad  glossy  leaves,  pink  flowers  larger  than  those  of  a  peach  and  lasting  for 
several  weeks,  and  dark-purple  berries  about  the  size  of  a  cherry  and  tasting 
like  a  raspberry.  The  fruits  are  eaten  raw,  and  used  for  making  jam  and  jelly. 
{Adapted from  Bailey.) 

Di9tribiUion. — An  evergreen  shrub,  native  of  the  southeastern  part  of  Asia, 
extending  from  India  through  China,  the  Malay  Archipelago,  and  the  Philip- 
pines to  Japan. 

25892.  Physalib  peruviana  L. 

From  plants  of  ten  years'  select  cultivation  of  the  South  African  Cape  goose- 
berry in  India. 

Distribution, — A  native  of  Peru  and  cultivated  throughout  the  Tropics. 

25893.  (Unidentified . ) 

White  straw  flowers  growing  wild  on  the  Nilgiris. 

25894  to  25897. 

From  Simla,  India.    Presented  by  Mr.  E.  Cotes,  Indian  News  Agency,  through 
Mr.  Frank  N.  Meyer.    Received  August  27,  1909. 

Seeds  of  the  following: 

25894.  Amyodalub  pbrsica  L.  Peach. 

25895.  Prunub  armbniaca  L.  Apricot. 
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25894  to  25897— Continued.  '  < 

26896.  Prunus  puddum  Roxb.  Oberry 

DistrihiUion. — A  tree,  native  of  the  northern  part  of  India,  extending  from 
the  Indus  to  Sikkim,  usually  at  an  elevation  of  between  2,500  and  7,000  feet. 

26897.  Pyrus  sp.  Pe&r 

''Theee  seeds  were  collected  from  wild  Himalayan  fruit  trees,  growing  at  an  elev» 
tion  of  7,000  feet  about  Simla.''    (Cotes.) 

25898  to  25901.    Vicia  faba  L.  Horse  beaix. 

From  United  Provinces,  India.    Presented  by  Mr.  T.  F.  Main,  Deputy  DirecUx 
of  Agriculture,  Poona,  Bombay  Presidency.    Received  August  27,  1909. 

''The  three  last  numbers  seem  to  be  of  one  variety  collected  from  different  village% 
while  the  first  is  quite  different."    (Main.) 

25902  and  25903.    Vicia  faba  L.  Horse  bean. 

From  Egypt.    Presented  by  Mr.  George  P.  Foaden,  secretary,  Khedivial  Agri- 
cultural Society,  Cairo.    Received  August  28,  1909. 

Seeds  of  the  following;  notes  by  Mr.  Foaden. 

26902.  Saidi.    Planted  in  Upper  Egypt  under  basin  irrigation. 

26903.  Beheri,    Planted  in  Lower  Egypt  under  canal  irrigation. 

These  are  the  same  variety,  but  recognized  by  the  cultivators  as  being  cultivated 
under  two  different  systems  of  irrigation. 

25904  to  25907.    Vicia  faba  L.  Horse  bean. 

From  Friesland  Province,  Holland.    Presented  by  Dr.  M.  Greshoff,  Koloniaal 
Museum,  Haarlem,  Holland.    Received  August  6,  1909. 

25908.  Mybica  naoi  Thunb. 

From  Tangsi,  China.    Procured  by  Rev.  Alexander  Kennedy,  at  the  request  of 
Mr.  Frank  N.  Meyer.     Received  August  21,  1909. 

See  S.  P.  I.  Nos.  22977  and  22904  to  22906  for  descriptions. 

*' These  seeds  are  for  stocks;  better  varieties  are  to  be  grafted  on  to  them  later.  The 
plants  are  exceedingly  hard  to  transplant.  The  trees  thrive  wherever  the  loquat 
does."     (Meyer.) 

25909.  MiMusops  kauki  L.  ^^Adam's-apple." 

From  Lawang,  Java.    Presented  by  Mr.  M.  Buysman,  Hortus  tenggerensis. 
Received  August  26,  1909. 

A  large  tree,  native  of  India,  the  Malay  Archipelago,  and  Australia.  The  fruit 
resembles  Zizyphus  jujuba  in  flavor,  and  is  edible.  The  wood  is  red,  fine  grained, 
and  easy  to  work. 

25910.  ViGNA  uNGUicuLATA  (L.)  Walp.  Cowpea. 

From  Entebbe,  Uganda,  British  East  Africa.    Presented  by  the  Botanical,  For- 
estry, and  Scientific  Department.    Received  August  26,  1909. 

Brown.    There  seem  to  be  several  varieties  in  this  lot. 

25911  and  25912. 

From  Lai  Bagh,  Bangalore,  India.    Presented  by  Mr.  6.  A.  Gammie,  Imperial 
Cotton  Specialist,  Kirkee,  India,  at  the  request  of  Mr.  J.  Mollison,  Inspector- 
General  of  Agriculture  in  India.    Received  August  30,  1909. 
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Mil  and  25912— €ontiBued. 

Seeds  of  the  following: 

26911.     Febonia  BLEPHANTUM  Coma.  Wood-apple. 

See  No.  25888  for  deecriptioii. 

25912.    Bblou  h armelos  (L.)  W.  F.  Wight.  Ba«L 

"The  bael  fruit  ia  highly  prized  by  natives  of  this  country  and  is  an  article  of 
food  with  them,  especially  in  Upper  India.  A  very  nice  cooling  drink  is  made 
from  its  pulp  in  the  hot  season,  also  a  nice  jam  is  prepared  out  of  it.  The  unripe 
and  the  ripe  fruit  and  its  rind,  root,  leaves,  and  flowers  are  used  medicinally. 
Sherbet  made  from  the  ripe  fruit  is  very  valuable  in  cholera  and  bowel  com- 
plaints. "     (Gammie,) 

H81S  to  25920. 

From  Hangchow,  China.    Presented  by  Rev.  W.  S.  Sweet,  Wayland  Academy, 
Baptist  Missionary  Union,  Eastern  China  Mission.    Received  August  2p  1909. 

Seeds  of  the  following;  notes  by  Mr.  Sweet. 

25918  and  25914.    Vicia  taba  L.  Broad  b«aiL. 

25913.    Green.  25914.    Brown. 

Vine  2  feet  long.  Used  as  human  and  animal  food  and  also  for  firewood. 
Ripe  from  April  to  May. 

25915.  DoucHos  lablab  L.  Bonayiat  bean. 

White.  Known  as  the  crested  bean;  vine  4  to  6  feet ;  used  as  human  food  and 
for  firewood;  ripe  in  September. 

25916.  Phabeolus  angularis  (Willd.)  W.  F.  Wight.  Adzuki  bean. 
Red.    Used  for  food;  vine  small  and  fine,  6  inches  high;  ripe  in  September. 

25917.  PiSUM  SATIVUM  L. 

Tall  vine;  ripe  from  May  to  June;  used  for  forage. 

25918.  VlGNA  8E8QUIPEDALIS  (L.)  W.  F.  Wight. 

Black.    Tall  vine. 

25919  and  25920.    Glycine  hispida  (Moench)  Maxim.  Soybean. 

25919.  Yellow.  Vine  1  foot  high;  ripe  from  November  to  December. 
The  cheese  made  from  this  bean  forms  a  large  element  of  food  here;  if 
adapted  to  American  taste  a  profitable  business  could  be  established 
in  the  States. 

25920.  Black.  Ripe  from  June  to  August;  used  the  same  as  No. 
^919. 

MU»1  to  25926. 

From  Leh,  Ladakh,  Kashmir,  British  India.    Presented  by  Mr.  Rassul  Galwan. 
Received  August  27,  1909. 

Seeds  of  the  following;  notes  by  Mr.  Galwan. 

25921.    Triticum  aestivum  L.  Wheat. 

Before  this  seed  is  sown  the  field  is  put  under  water  till  the  ground  is  wet  a 
half  foot  deep.  Then  wait  ten  to  twenty  days,  till  the  ground  is  fairly  dry  and 
the  seed  can  be  sown.  The  ground  must  be  neither  too  wet  nor  too  dry.  Before 
the  seed  is  sown  manure  is  spread  about  one-half  inch  thick  over  the  groimd. 
The  first  water  is  given  when  the  wheat  is  about  2  inches  high,  the  ground 
being  soaked  about  one-half  foot  deep.  After  it  becomes  dry  again  a  second 
watering  is  given.  It  is  better  to  wait  a  little  too  long  than  to  water  too  quickly. 
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26921  to  25826— Oontinued. 

Up  to  the  third  watering  care  must  be  used,  after  that  the  wheat  is  strong 
water  can  be  given  at  any  time  it  is  dry.    The  more  water  given  the  better  thfli 
crop. 

25022.  HoRDEUM  sp.  Hull-leas  barley. 

The  method  of  sowing  this  is  the  same  as  for  wheat,  the  only  difference  being 
that  this  can  be  sown  late,  as  it  ripens  in  two  to  threfe  months.  Flour  is  mad^ 
from  it,  but  the  bread  is  not  as  good  as  the  bread  made  from  wheat  flour.  M(xi 
people  use  it,  therefore,  as  Suttoo,  which  is  made  as  follows:  First,  wash  tbft 
barley  in  cold  water,  after  waiting  one  day  put  in  the  sunshine  and  let  dry. 
Then  fry  in  an  iron  pot  until  brown,  then  take  to  a  mill  and  have  it  ground  int^ 
flour,  which  is  eaten  with  Ladaki  tea;  some  eat  it  with  water,  some  mix  HI 
with  butter,  sugar,  and  tea,  for  there  is  no  need  to  cook  it  again.  If  hot  thin^ 
can  not  be  had,  it  can  be  eaten  with  cold  water. 

25023.  ViciA  FABA  L.  Horse  bean. 

Brownish  black.    ' 

25024.  Lathyrus  bativus  L. 

This  is  sown  with  wheat.  It  can  be  sown  in  places  a  little  cold,  and  there  is 
no  need  to  use  any  manure.  The  sowing  methods  are  the  same  as  those  used  in 
sowing  wheat.  The  seed  is  sown  about  the  10th  of  May  and  ripens  in  about 
three  months.  At  the  sowing  time  the  seed  needs  more  moisture  than  wheat 
or  it  will  not  grow  well. 

25025.  PisuM  ARVENSB  L.  Field  pea. 

This  is  sown  in  hot  places,  and  does  best  in  sandy  soil.  It  is  sown  here  about 
the  20th  or  the  25th  of  April,  and  ripens  in  about  three  months.  The  method 
of  sowing  is  the  same  as  that  of  wheat,  except  that  no  manure  is  put  on  the  field. 
If  manured  the  plants  grow  very  large  but  without  beans.  The  stalks  are  good 
to  feed  to  animals.  Before  sowing,  the  ground  should  be  wetter  than  when 
wheat  is  sown  or  the  beans  will  not  do  well. 

26926  and  26827. 

From  Igatpuri,  India.    Presented  by  Mrs.  Effie  Pyle  Fisher,  through  Miss  Audrey 
Goss.    Received  August  31,  1909. 

Seeds  of  the  following: 

25026.  Feronia  Elephantum  Correa. 
See  No.  25888  for  description. 

25027.  Anona  reticulata  L.  Custard-Apple. 

See  S.  P.  I.  No.  5210  for  description. 

26928.     CoLCHicuM  sp. 

From  Alpine  heights  of  Geovj6  Dagh,  above  Hassanbeyli,  Amanus  Mountaina. 
Presented  by  Mrs.  F.  A.  Shepard,  Aintab,  Turkey.    Received  August  19,  1909. 

**  A  wild  colchicum  having  large,  pink,  very  showy  blossoms  in  September.     Fruit 
ripens  in  May . ' '     {Shepard. ) 

26929  to  26931.     Cucumis  melo  L.  Muskmelon. 

From  Columbia,  Mo.    Presented  by  Mr.  G.  0.  Broadhead.    Received  August  21, 
1909. 
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K929  to  215831— Continued. 

Seeds  of  the  following: 

25029.  1903  crop.  26031.     1909  crop. 

25030.  1908  crop. 

"Between  1825  and  1835  the  Rev.  Albert  Holladay,  of  Virginia,  was  Presbyterian 
migEionary  to  Persia.  He  brought  to  Ameiica  seeds  of  a  cantaloupe.  My  father 
raked  this  melon  in  Virginia,  and  in  1836  brought  seed  to  St.  Charles  County,  Mo., 
where  he  raised  it  until  his  death  in  1853.  Relatives  and  friends  have  since  raised  it. 
I  have  for  Airty  years,  also  my  brother  William,  living  at  Clayton,  St.  Louis  County. 
The  melon  raised  in  Virginia  and  in  Missouri  for  ten  or  twenty  years  was  smaller  and 
sweeter  than  that  raised  since.  It  seems  the  first  was  not  much  over  4  inches  in 
diameter  and  good  to  the  outer  rind.  The  melon  now  is  as  much  as  6  inches  in  diam- 
eter and  has  at  least  a  one-half  of  an  inch  of  rind.  When  ripe  it  pulls  off  easily  and 
generally  has  a  red  gum  at  stem  where  it  breaks.  A  good  melon  of  this  kind  is  still 
better  than  most  others  and  we  call  it  the  'Persian  cantaloupe. '  "    (Broadhead.) 

85932.     Medicago  sativa  L.  Alfalfa. 

From  Aintab,  Turkey.  Presented  by  Mrs.  F.  A.  Shepard.  Received  Septem- 
ber 3.  1909. 

"This  seed  was  collected  in  the  arid  r^ons  about  Aintab,  about  3,500  feet  above 
the  sea  and  100  miles  inland.  There  is  scarcely  any  rain  for  five  months  in  the  year. 
The  plant  is  not  planted  for  pasturage,  but  grows  upon  wild  lands,  where  sheep  and 
goats  browse. ' *     (Shepard. ) 

85984.     CrrRULLUs  vulgaris  Schrad.  Watermelon. 

Flrom  Robertson,  Cape  Colony,  South  Africa.  Presented  by  Mr.  Charles  P. 
Lounsbury,  government  entomologist,  Cape  of  Good  Hope,  Department  of 
Agriculturo,  Cape  Town,  who  procured  the  seeds  from  Mr.  E.  A.  Visser,  manager 
of  the  Experiment  Station  at  Robertson.    Received  September  4,  1909. 

Monketaan. 

'*Mr.  Visser  says  this  plant  yielded  melons  at  the  rate  of  75  tons  an  aero  on  the  station 

grounds  without  any  special  caro,  and  that  the  melons  keep  well  and  are  excellent 

stock  food.    They  weigh  about  30  pounds  each  and  have  a  firm,  sweetish,  somewhat 

tough  pulp.    The  rind  is  mottled  pale  and  dark  green  like  common  watermelons,  as  a 

nile,  but  is  sometimes  whitish  in  thb  strain.    The  seeds  do  not  separate  readily  and 

00  one  seems  to  be  trying  to  save  more  than  he  needs  for  himself,  so  there  is  little 

chance  of  buying  a  supply  unless  it  is  ordered  a  year  ahead.    Mr.  Jack,  who  was 

director  in  the  department  hero  and  is  now  farming,  is  trying  in  vain  to  get  seed  for 

100  acres,  which  at  least  indicates  that  the  merits  of  the  crop  appeal  to  him.    Mr. 

Thornton,  our  agriculturist,  tells  me  the  plant  has  long  grown  to  the  west  of  Kuruman 

on  the  east  side  of  the  Kalihari  desert.    (The  small  Tsama  melon  sent  to  the  United 

States  grows  on  the  west  side.)    He  thinks  it  was  probably  cultivated  there  by  natives 

in  bygone  days,  but  now  it  grows  wild.    Some  years  ago  he  got  down  seeds  and  had 

them  pUinted  near  Graaf!  Reinet.    Farmers  of  the  district  soon  appreciated  the  value 

of  the  melon  and  took  to  its  cultivation  as  a  stock  food.    It  is  said  on  good  authority 

^bave  yielded  as  high  as  150  tons  an  acre  around  there,  the  ground  becoming  almost 

(>becured  by  the  fruits.    The  strain  introduced  to  the  Robertson  station  is  from  Graaff 

Reinet  way,  not  direct  from  the  desert,  and  Thornton  thinks  there  is  a  possibility  that 

it  is  not  quite  true  to  type;  but  if  it  is  not,  it  is  an  improvement  on  the  original  he 

thinks. 
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26834— Continued. 

''It  seeiDfl  to  me  that  this  or  other  of  the  South  African  melons  should  be  more  woi 
cultivating  in  arid  parts  of  the  West  than  the  thomless  prickly  pear.    Of  couiae 
melons  want  water,  but  much  of  what  they  get  they  store  away  for  months. 
(Lounsbury.) 

''One  of  our  experimenters  of  the  Monketaan  melon  has  just  reported  that  the  reti 
per  acre  of  melons  amounted  to  103  tons,  and  it  was  found  that  on  an  average  th( 
were  two  melons  to  every  square  yard  of  land.    This  melon,  according  to  the  analyai 
we  have  already  had  made,  is  high  in  feeding  value  and  promises  to  take  a  leadi 
part  in  some  of  our  stock  districts.''    {Extract  from  Utter  of  Mr.  R.  W.  ThamU 
government  agriculturUtf  Cape  Town  Department  of  Agricultwre^  August  24^  1909.) 

25935.  ViGiA  VILLOSA  Roth.  Hairy  vetchj 

From  Moscow,  Russia.  Purchased  from  Immer  &  Son,  through  Prof.  N.  E« 
Hansen,  Agricultural  Experiment  Station,  Brookings,  S.  Dak.,  while  traveling 
as  an  agricultural  explorer  for  this  Department.    Received  September  7, 1909.' 

25936.  Rosa  sp.  Rose. 

From  Ogden,  Utah.  Presented  by  Miss  Pearle  Cramer,  United  States  Depart- 
ment of  Agriculture,  Forest  Service.    Received  September  7,  1909. 

Yellow.  "This  rose,  so  far  as  I  have  been  able  to  ascertain,  is  native  only  to  Utah 
where  it  grows  in  great  profusion . ' '    ( Cramer.) 

25937.  Obtza  satiya  L.  Bice. 

From  Tsangsheng,  Kwangtung  Province,  near  Canton,  China.  Presented  by  Mr. 
Stuart  J.  Fuller,  American  vice  consul-general-in-chaige,  Hongkong,  for  whom 
it  was  procured  by  Mr.  Leo  Bergholz,  American  consul-general  at  Canton. 
Received  September  9,  1909. 

"iSzemtu,  the  translation  of  which  means  'Best  quality  refined.'  The  Chinese  rice 
merchant  states  that  the  exportation  of  this  rice  in  any  quantity  or  in  samples  is  for- 
bidden by  the  Chinese  Government.''  (Amo8  P.  Wilder,  American  consul-general, 
Hongkong,  China.) 

25938  to  25940.    Mangifera  indiga  L.  Mango. 

From  Philippine  Islands.  Procured  by  Mr.  William  S.  Lyon,  Gardens  of  Nagta- 
jan,  Manila,  P.  I.    Received  September  8,  1909. 

Seeds  of  the  following  standard  varieties: 

25938.     Carahao. 

See  S.  P.  I.  Nos.  24927  and  25659  for  previous  introductions. 
26939.    Pico. 

See  S.  P.  I.  No.  24170  for  previous  introduction. 

25940.  Pahutan.  ^'From  my  viewpoint  this  is  the  beet,  not  horticulturally, 
other  than  being  a  vigorous  grower,  early  fruiter,  and  enormously  prolific. 
Its  very  serious  defects — small  size,  scanty  flesh,  and  excessively  laige  seed- 
are  from  my  point  of  view  fully  offset  by  a  smoothness,  sweetness,  juiciness, 
and  flavor  imapproached  by  any  other.  I  have  eaten  the  famous  Alphonao 
mango  in  Calcutta  and  do  not  consider  it  ace  high  with  pahutan,  Pahiian 
further  has  a  very  thick  rind.  This,  while  still  further  diminishing  its  scanty 
flesh,  probably  adds  to  its  shipping  qualities."  {Lyon.) 
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SS941.    Elefhantorbhiza  elephantina  (Burch.)  Skeels. 

Aeaeia  eUpharUina  Burch.,  Trav.,  vol.  2,  p.  236.    1824. 

Aoada  elephantorrhiza  (Burch.)  D.  C,  Prod.,  vol.  2,  p.  457.    1826. 

EUphaniorrkiza  burcheUii  Benth.,  Hook  Joum.  Bot.,  vol.  4,  p.  344.    1842. 

Although  Burchell  is  given  as  the  authority  in  De  CandoUe's  Piodromus  for  the  spe- 
cific name  elephantorrhUaj  the  name  he  really  used  and  under  which  he  gave  an  excel- 
lent botanical  diagnosis  is  that  here  recognized. 

From  Pretoria,  Transvaal,  South  Africa.    Presented  by  Prof.  J.  Burtt  Davy, 
director,  Transvaal  Department  of  Agriculture.    Received  September  10,  1909. 

S«eds. 

"All  grazing  animals,  wild  and  domestic,  are  exceeding  fond  of  this  plant.  It 
has  long,  succulent  roots  and  an  underground  stem.  It  does  not  shoot  until  rather 
t^te  in  the  summer,  seldom  before  December,  and  its  stems  are  killed  again  by  the 
first  frosts  of  May.  The  seed-pods  are  still  green  when  the  frost  comes,  and  the  seeds 
not  ripe,  but  they  are  so  well  protected  by  the  strong,  leatherlike  pod,  that  the 
irost  can  not  hurt  them,  and  they  ripen  in  the  pod  long  after  the  stem  that  bore  them 
hia  been  killed  by  the  frost.  The  roots  are  used  for  tanning  leather."  (Mr8.  Barber ^ 
w  Harrey,  Flora  Capensis,  vol.  2,  p.  ^77.) 

DistribtUion. — South  Africa.  Common  in  grassy  places  between  the  Klipplaat  and 
Zwartkey  rivers  in  Cape  Colony.  It  occurs  also  in  the  Cradock  and  Queenstown  dis- 
tricts in  Cape  Colony,  and  is  reported  from  the  "Zooloo  Country."  Originally 
described  from  near  "Klaawater"  in  the  southern  part  of  Orange  River  Colony. 

8M42,     Berberis  sanouinea  Franch. 

From  Nancy,  France.    Purchased  from  V.  Lemoine  &  Sons.    Received  Sep- 
tember 14,  1909. 

"This  is  a  little-known  species  from  China  and  appears  to  be  closely  allied  to 
BerherU  nepalensis.  The  blooms  are  said  to  be  deeper  orange-red  than  any  other 
species.    These  plants  are  imported  for  hybridizing  purposes."    {W.  Van  Fleet.) 

I)i»tribulion. — A  native  of  dry  stream  beds  in  the  province  of  Szechwan,  China. 

85960  to  25953.     Vicia  faba  L. 

From  Valencia,  Spain.    Presented  by  Mr.  Charles  S.  Winans,  American  consul. 
Received  September  8,  1909. 

Seeds  of  each  of  the  following: 

2605O  to  26962.  Broad  bean. 

26960.  CalienU.    Light  brown. 

26961.  Panesca.    Purplish  brown. 

26962.  Murciana.    Dark  purple. 

26968.  Hone  bean. 

Favon.    Purplish  black. 

26856  and  25957. 

From  Amanus  Mountains,  Turkey  in  Asia.    Presented  by  Mrs.  F.  D.  Shepard, 
Adana.    Received  September  9,  1909. 

^eeds  of  each  of  the  following  : 

26966.    A  VENA  BATiVA  L.  Oat. 

36967.     Vicia  bbvilia  (L.)  Willd.  Bitter  vetch. 
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36969  to  26962.  Zea  mays  L.  Com. 

From  Central  Soledad,  Cienfuegoe,  Cuba.  Presented  by  Mr.  Robert  M.  Grey, 
Harvard  Botanical  Experiment  Station.    Received  September  21,  1909. 

Seeds  of  th6  following;  notes  by  Mr.  Grey. 

25969.    Harvard  selected  flint.    This  is  our  surest  cropper,  best  keeper,  and, 
being  free  from  surfoce  starch,  less  subject  to  attack  from  weevils  and  ants. 

26960.  Selected  while  flint  Cuban.    This  is  used  as  a  sweet  or  table  com,  is 
early,  and  a  small-cob  variety. 

26961.  Hybrid  purple  cob  (Cuban  dent  X  Cuban  flint). 

26962.  Cv^n  dent. 

These  two  last  are  the  varieties  commonly  cultivated  here  and  are  very 
productive. 

The  above  have  been  imder  selection  for  six  years.  The  husk  of  all  closes  tight  at 
the  apex,  a  great  prevention  and  safeguard  against  insects. 

26963.  YiciA  FABA  L.  Horse  bean. 

From  Magyar6vdr,  Hungary.  Presented  by  The  Plant  Culture  Experiment 
Station,  requested  from  Prof.  A.  Cserhati.    Received  September  22,  1909. 

'^  These  seeds  are  planted  in  the  spring  and  mature  in  about  one  hundred  days. 
The  plants  grow  from  35  to  40  centimeters  high.  The  beans  are  ground  up  and  make 
a  very  nutritive  food  for  stock.    The  fodder  is  of  hardly  any  value."    (Gydr/ds.) 

26964.  GossYFiuM  hirsutum  L.  Cotton. 

From  Nyasaland  Protectorate,  British  Central  Africa.  Presented  by  Mr. 
J.  Stewart  J.  McCall,  Director  of  Agriculture,  Zomba.  Received  September 
27,  1909. 

''Seed  of  Upland  cotton  which  received  the  first  prize  at  the  recent  show  at  Blantyre. 
I  think  you  will  consider  it  a  very  high-class  hirsutum  cotton,  and  it  is  very  gratifying 
as  we  received  6d.  to  7d.  per  pound  for  it  at  the  Manchester  market."    {McCall.) 

26966.    ViGNA  UNGuicuLATA  (L.)  Walp.  Cowpea. 

From  Pretoria,  Transvaal,  South  Africa.  Presented  by  Prof.  J.  Burtt  Davy, 
government  agrostologist  and  botanist,  Transvaal  Department  of  Agriculture. 
Received  September  10,  1909. 

''Kafir  bean."    This  lot  apparently  contains  several  different  varieties. 

26047.    Garcinia  manoostana  L.  Mangosteen. 

From  Port  of  Spain,  Trinidad,  British  West  Indies.  Presented  by  Mr.  F.  Evans, 
botanical  department.  Department  of  Agricultiu^e.    Received  fall  of  1909. 

Seeds.    See  No.  25887  for  description. 

"The  mangosteen  will  be  an  unusually  good  shipper,  as  tropical  fruits  go.  The 
small  crate  of  fruits  from  which  these  seeds  were  taken,  shipped  by  Mr.  Evans  on  the 
28th  of  September,  was  delayed  for  more  than  a  week  in  New  York  and  reached 
Washington  on  the  19th  of  October.  Even  after  holding  these  fruits  for  ^ve  days  after 
arrival  in  Washington — i.  e.,  twenty-six  days  from  the  time  they  were  picked — they 
were  still  in  an  edible  condition,  although  naturally  they  had  lost  a  good  deal  of  their 
delicacy  and  the  pulp  had  begun  to  adhere  to  the  thick  rind.  One  remarkable  feature 
about  these  fruits  lies  in  the  fact  that  as  they  decay  the  rind  hardens  imtil  it  becomes 
almost  as  hard  as  a  rock.  1  believe  it  may  not  be  necessary  to  crate  these  in  shipment 
on  this  account.  A  single  rotten  fruit  may  not  infect  others,  as  in  the  case  of  mangos 
or  other  soft-skinned  fruits;  in  fact,  as  tropical  fruits  go,  it  seems  to  be  an  ideal 
shipper.  * '  (David  FafirckUd. ) 
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It  has  been  thought  desirable  to  call  attention  to  the  new  names 
which  it  is  occasionally  found  necessary  to  pubUsh  in  the  inventory 
by  giving  a  list  of  such  names  as  they  occur.  This  list  will  therefore 
appear  in  future  issues  on  the  page  of  the  inventory  preceding  the 
index. 

The  following  name  is  published  in  this  issue: 

26941.     Elephantorrhiza  elephantina  (Burch.)  Skeels. 

The  names  given  below  have  been  published  in  preceding  issues 
of  the  inventory: 

21760.     Albizzia  adianthifolia  (Schum.)  W.  F.  Wight. 

BuUetin  137  (Inventory  No.  14),  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agri- 
culture, 1909,  p.  12. 

21797.     Sesban  bispinosa  (Jacq.)  Steud. 

Bulletin  137  (Inventory  No.  14),  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agri- 
culture, 1909,  p.  15. 

21820.     XiPHAGROSTis  coNDENSATus  (Hack.)  W.  F.  Wight. 

Bulletin  137  (Inventory  No.  14),  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agri- 
culture, 1909,  p.  17. 

The  correct  name  for  the  above  is  Miscanthus  condensatus  Hack. ;  the  genus  Xipha- 
grostis  [Contributions  from  the  U.  S.  National  Herbarium,  vol.  9,  1905,  pp.  399-400] 
having  been  based  on  a  misconception  of  the  type  of  Miscanthus  as  established  by 
AndeiBBon  in  1856.  That  author  indicated  in  a  note  that  he  did  not  consider  the  first 
species,  M.  capensis,  as  typical  of  the  genus,  and  the  second  species,  M.  japonicus, 
should  accordingly  be  recognized  as  the  type.  The  usual  application  of  the  generic 
name  Miscanthus  therefore  remains  unchanged. 

21824.     Phaseolus  anoularis  (Willd.)  W.  F.  Wight. 

BuUetin  137  (Inventory  No.  14),  Biu«au  of  Plant  Industry,  U.  S.  Dept.  of  Agri- 
culture, 1909,  p.  17. 

21888.     Chrysanthemum  stipulaceum  (Moench)  W.  F.  Wight. 

BuUetin  137  (Inventory  No.  14),  Bureau  of  Plant  Industry,  TJ.  S.  Dept.  of  Agri- 
culture, 1909,  p.  21. 

82349.     Phragmites  vulgaris  longivalvis  (Steud.)  W.  F.  Wight. 

BuUetin  137  (Inventory  No.  14),  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agri- 
culture, 1909,  p.  46. 

22390.    Garcinia  tinctoria  (DC.)  W.  F.  Wight. 

BuUetin  137  (Inventory  No.  14),  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agri- 
cnlture,  1909,  p.  50. 
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22813.     PiNELLiA  cocHiNCHiNENSE  (Blume)  W.  F.  Wight. 

Bulletin  142  (Inventory  No.  15),  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agri- 
culture, 1909,  p.  35. 

22967.     Belou  marmelos  (L.)  W.  F.  Wight. 

Bulletin  142  (Inventory  No.  15),  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agri- 
culture, 1909,  p.  48. 

23219.     FiRMiANA  SIMPLEX  (L.)  W.  F.  Wight. 

Bulletin  142  (Inventory  No.  15),  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agricul- 
ture, 1909,  p.  67. 

23428.     Myrciaria  edulis  O^ell.)  Skeels. 

Bulletin  148  (Inventory  No.  16),  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agricul- 
ture, 1909,  p.  14. 

23472.     Phyllanthus  acida  (L.)  Skeels. 

Bulletin  148  (Inventory  No.  16),  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agricul- 
ture, 1909,  p.  17. 

23897.     Cryptocarya  rubra  (Mol.)  Skeels. 

Bulletin  153  (Inventory  No.  17),  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agricul- 
ture, 1909,  p.  15. 

23963.     Brassiga  pekinensis  (Ijour.)  Skeels. 

Bulletin  153  (Inventory  No.  17),  Bureau  of  Plant  Indu8tr>%  U.  S.  Dept.  of  Agricul- 
ture, 1909,  p.  21. 

24087.     Callistemma  chinensis  (L.)  Skeels. 

Bulletin  153  (Inventory  No.  17),  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agricd- 
ture,  1909,  p.  27. 

24691.     Belou  qlltinosa  (Blanco)  Skeels. 

Bulletin  162  (Inventory  No.  18),  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agricul- 
tiu-e,  1909,  p.  26. 

24631.     GouRLiEA  SPINOSA  (Mol.)  Skeels. 

Bulletin  162  (Inventory  No.  18),  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agricul- 
ture, 1909,  p.  31. 

25546.     Claucena  lansium  (Ijouf.)  Skeels. 

Bulletin  168  (Inventory  No.  19),  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agricul- 
ture, 1909,  p.  31. 
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Adain'Mipple.    See  Mimtuopskauki. 
Albizzia  moliuxana^  25783. 

itijmUUa,  25782. 
Alfiklfa,  Baltic,  25806. 

Grimm,  25804. 

(Kansas),  25733. 

Turkestan,  25805,  25807. 

(Turkey),  25932. 
Ailium  eepa,  25841  to  25844. 
Amygdalu9  perncOt  25894. 
Anacardium  ocddentaUy  25718. 
Anona  reticulata,  25927. 
Apricot  (India),  25895. 
Aspidotperma  quebracho-bianco ,  25797. 
AtalarUiaep.,  25885. 

Avena  tativa,  25731,  25749,  25750,  25849  to 
25856,  25956. 
iienlis,  25730,  25784. 

Bael.    See  Belou  nutrmelos. 
Barley,  Franconian,  25744. 

Improved,  25745, 
Hanna,  25742, 25743, 25746, 25747. 
hull-less  (Kashmir),  25922. 
Barotma  arenulata,  25817. 
Bean,  Adzuki.    See  PhaseoluB  angularis. 
"Barbuda,"  25729. 
bonavist.    See  Dolichos  lablab. 
broad,  25913,  25914,  25950  to  25952. 
horse,  25898  to  25907,  25923,  25953, 
25963. 
Beet,  sugar,  Remlingen,  25752. 
Belou    marmelos,    25879,    25889,    25890, 

25912. 
Beta  vulgaris,  25752. 
Buchu.    See  Barotma  crenulata. 

Caemlpinia  nvuga,  25803. 
Oijan  indicum,  25865. 
Cakmu^  sp.,  25858,  25859. 
Cananga  odorata,  25799. 
Cape  gooseberry.    See  Pky salts  peruviana. 
Gviea  papaya,  2Sn2Xi. 
peltata,  25721. 
Cashew.    See  Anacardium  occidentale. 
Cherry  (Canada),  25880. 
(India),  25896. 
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Cinnamomum  loureirii,  25884. 
Cinnamon  (Cochin  China),  25884. 
CUrullus  vulgaris,  25754,  25867,  25934. 
dtrTzs  nobilis,  25862. 
Clover,  red  (disease  resistant),  25871. 
German,  25751. 
See  also  Trifolium  pralense. 
CoZcAicum  sp.,  25928. 
Com  (Africa),  25736.  25866. 
(Costa  Rica),  25660. 
(Cuba),  25959  to  25962. 
(Ecuador),  25758  to  25774. 
Hickory  King,  25736. 
Cotton  (Nyasaland),  25964. 
Cowpea  (Africa),  25785  to  25788,  25965. 
Black-Eye,  25857. 
brown,  25910. 
See  also  Vigna  unguiculata. 
Crinum  asiaticum,  25800. 
Cucumis  melo,  25929  to  25931. 
CucwrbHa  moschata,  25719. 

pepo,  25831. 
Custard-apple.    See  Anona  reticulata. 

Dipierocarpus  dyeri,  25801. 

punctulatus,  25802. 
Dolichos  lablab,  25726  to  25728,  25915. 
Downy  myrtle.    See  Rhodomyrtus  tomen- 

tosa. 
* '  Duraznillo. ' '    See  Jatropha  sp . 

EUphantorrhiza  elephantina,  25941. 
Elcusine  coracana,  25864. 

Feronia  eUphantum,  25888,  25911,  25926. 
Field  pea.    See  Pisum  spp. 

Garcinia  mangosiana,  25887,  26047. 

Gladiolus  Bp.,  25869. 

Glycine  hispida,   25778  to  25781,   25919, 

25920. 
Gourd  (France),  25822  to  25831. 

Hill  gooseberry .    See  Rhodomyrtus  tomen- 

tosa. 
Hordeum  sp.,  25922. 

distichon,  25744,  25745. 

nutans,  25742,  25743, 
25746,  25747. 
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Hang  ilang.    See  Cananga  odorata. 

Jatropha  sp.,  25775. 

KuBSum.    See  Schleichera  triyuga. 

Lagenaria  vulgarUy  25822  to  25824,  25826 

to  25830. 
Laihyrus  sativus^  25924. 
Lawsania  inermis^  25776. 
LivisUma  wkUfordii,  25860. 
Luffa  cylindricay  25825. 

Macadamia  temi/oliaf  25845. 
Mandarin  (Cochin  China),  25862. 
Mangifera  indica,  25861,  25938  to  25940. 
Mango,  Carabao,  25938. 
Julie,  25861. 
Pahutan,  25940. 
Pico,  25939. 
Mangoeteen  (Cochin  China),  25887. 

(Trinidad),  26047. 
Medicago  saliva,  25733,    25804    to    25807, 

25932. 
Millet,    pearl.     See    Pennisetum  ameri- 
canum. 
ragi.    See  Eleusine  coracana. 
Mimusops  kauhi,  25909. 
Muflkmelon,  Persian,  25929  to  25931. 
Myrica  nagi,  25908. 

Oat  (Algeria),  25784. 
Beseler  No.  2,  25750. 
(Palestine),  25730,  25731. 
(Spain),  25849  to  25856. 
SvalOfa  Ligowo,  25749. 
(Turkey),  25956. 
Oleafoveolata,  25846. 
Onion,  Bermuda  Red,  25841. 

White,  25843. 
(Canary  Islands),  25841  to  25844. 
Crystal-Wax,  25844. 
Wildpret*s  Golden,  25842. 
Oryza  aativaf  25937. 

Panicum  palmaefoliumy  25740. 

Papaw  (Costa  Rica),  25720  to  25722. 

Passiflora  edtUiSy  25874. 

Passion  fruit.    See  Passiflora  edulis. 

Pea,  field.    SeePinemspp. 

Peach  (India),  25894. 

Pear  (India),  25897. 

Pennisetum  americanum,  25788,  25863. 

Phaseolus  angtdarisy  25916. 

lunatus,  25729,  25876. 
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Phyllanthus  emblica,  25724. 
Physalis  peruviana,  25892. 
Piaum  arvense,  25925. 
salivumf  25917. 
Protea  grandiflora,  25847. 
Prunus  armeniaca,  25895. 

puddum,  25896. 

tomentosa,  25880. 
Pyrus  sp.,  25897. 

Quebracho-bianco.     See     Aspidospenna 
quehratho-blanco. 

Rattan  (Batanee  Islands),  25858. 

Palasan,  25859. 
Rhodomyrtus  tomentosa,  25891. 
Rice,  Szemiu,  25937. 
Rosa  sp.,  25936. 
Rose,  yellow,  25936. 

Saccharum  officinarum,  25738.  ^ 

Sddnus  huigan,  25798. 
Schleichera  trijuga,  25848. 
Soy  bean,  black,  25778,  25920. 

brown,  25781. 

(Java),  25778  to  25781. 

yellow,  25779,  25780,  25919. 
Stizololnum    sp.,    25725,    25732,    25753,* 

25755  to  25757,  25870. 
Sugar  cane  (Java),  25738. 

Tacca  pinnatifida,  25816. 
Terminalia  bellerica,  25723. 
Tetracronia  cymosa,  25886. 
Tri/olium  praiense,  25751,  25871. 
Triticum  aestivum,  25748,  25921. 

Undetermined,  25868,  25893. 

Vetch,  bitter.    See  Vicia  ervilia, 
hairy.    See  VidavUloKt. 
Vicia  erviliay  25957. 

/aba,  25898  to  25907,  25913,  25914, 

25923,  25950  to  25953,  25963. 
vUlosa,  25872,  25875,  25935. 
Vigna  sesquipedalis,  25918. 

unguiculaia,  25785  to  25787,  25857, 
25910,  25965. 

Watermelon  (Formosa),  25754. 
Monketaan,  25934. 
(Turkestan),  25867. 
Wheat  (Kashmir),  25921. 

Rimpau's  Red  Schlanstetter  Sam- 
mer,  25748. 

Zea  mays,  25736,  25758  to  25774,  25866, 

25959  to  25962. 
Zizyphus  jujuba,  25777. 
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for  publication  as  Bulletin  No.  177  of  the  series  of  this  Bureau  a 
manuscript  entitled  **A  Protected  Stock  Range  in  Arizona,"  by 
I>r.  David  GrifBths.  This  paper  has  been  submitted  for  pubhcation 
by  Prof.  W.  J.  Spillman,  Agriculturist  in  Charge  of  tlie  Office  of 
Farm  Management. 

Tbis  is  the  second  report  upon  range  investigations  in  the  Santa 
Rita  National  Forest  in  cooperation  with  the  University  of  Arizona. 
It  portrays  the  effects  of  proper  protection  of  the  native  pastures  of 
the  region  and  shows  that  results  are  much  more  certain  of  accom- 
plishment by  proper  management  than  by  attempting  reseeding 
operations. 

Respectfully, 

A.  F.  Woods, 
Acting  Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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INTBODUCTION. 

This  report  is  one  of  progress  simply  and  is  necessarily  incomplete, 
the  details  heing  purposely  omitted.  Many  essential  facts  are  also 
left  out,  because  they  have  been  included  in  a  previous  bulletin  * 
of  the  series  of  the  Bureau  of  Plant  Industry. 

The  investigations  really  date  from  1903,  when  a  tract  of  land 
49.2  sc[uare  miles  in  area  upon  the  Coronado  National  Forest  was 
closed  to  grazing  by  arrangement  with  the  Forest  Service  and  in 
cooperation  vnih  the  agricultural  experiment  station  of  the  University 
of  Aj:izona.  Since  that  time  another  small  tract  of  nearly  a  section 
has  heen  inclosed  and  cooperative  arrangements  entered  into  with 
four  ranchers  contiguous  to  the  south  and  east  line  of  the  large 
tract  -whereby  the  investigations  will  be  considerably  benefited  in 
extent  of  territory,  diversity  of  conditions,  and  interpretation  of 
results  by  practical  range  operators.  The  map,  figure  1 ,  shows  the 
area  covered  and  the  locations  of  the  different  pastures.  A  record 
of  the  operation  of  these  areas  under  different  systems  of  manage- 
ment during  the  next  few  years  ought  to  throw  important  light  upon 
tlie  value  of  the  proper  handling  of  these  semidesert  lands. 

EABLY  HISTORY  OF  THE  INCLOSED  AKEA. 

Before  the  inclosure  of  this  area  it  was  open  range,  and  large  herds 

have  fed  here  for  years.     The  cattle  usually  come  over  in  the  fall  from 

t^lie  other  side  of  the  mountains  and  remain  until  the  April  round-ups. 

In  the  upper  portion  of  the  field  there  was  once  a  ranch  of  one  of  the 

lai^est  cattle  companies  of  southern  Arizona,  which  has  always  been 

heavily  grazed,  but  much  heavier  in  times  past  than  during  the  last 

few  years  before  the  inclosure  was  made.     All  in  all,  it  may  be  said  that 

heavy  pasturing  was  the  rule  here  for  many  years  previous  to  that  time. 

(Compare  the  two  illustrations  shown  in  Plate  I.)     A  portion  of  the 

area  farthest  from  water,  mostly  on  the  edge  of  the  perennial-grass 

«  Bulletin  67,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  entitled  "Range 
In  vestigations  in  Arizona. ' '    1 904 . 
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area,  was  grazed  only  during  the  wet  season  when  it  could  be  reache 
by  stock.  It  was  therefore  in  much  better  condition  than  that  lyin 
closer  to  the  mountains,  where  water  was  more  convenient. 


B  M  ■  Bench  marks  of 
O.S.  Geo/o^/co/ 

/foods. 

Confoors 

McC,  Mac  A,  /^  ^,  *  inihats  of 
pr/i^afe  om70rs  of  posforvs. 

A  (after  numbers. )  »  Acres. 


FiQ.  1.— Map  of  frnwd  puslures  In  the  Coronado  National  Forest,  compiled  from  raaps  "by  the  Cnit*^ 
States  Geologic-al  Sun'ey,  the  Forest  Senice,  and  the  Bureau  of  Plant  Industry. 

HISTORY  OF  THE  ABE  A  SINCE  1903. 

The  largo  field  was  inclosed  in  June,  1903.  By  the  first  of  the  yefli 
1908  the  pastures  marked  upon  the  map  (fig.  1)  P.,  i?.,  and  Mac^ 
were  sufficiently  inclosed  to  permit  the  control  of  stock  in  them,  ant 
the  inclosures  were  completed  later.  These  areas  were  inclosed  bj 
ranchers  in  cooperation  with  the  Department  of  Agriculture.  The 
204-acre  pasture  was  inclosed  years  ago  and  has  been  moderatel} 
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Fta.  1.— Ranoe  Land  Ii 


Fio.  2.— Range  Land  Inside  and  Outside  of  the  Fence  Line  in  April,  1905. 


SURFACE  COVERING.  9 

st<x*ked  ever  since.  A  large  part  is  in  heavy  bi*ush,  and  consequently 
not  as  productive  as  it  would  otherwise  be.  A  few  head  of  stock  have 
been  allowed  in  the  590-acre  pasture  since  it  was  fenced,  but  the  large 
area  has  had  no  stock  upon  it  since  it  w  as  inclosed  except  an  occa- 
sional stray.  The  pastures  P.,  R.,  and  MacB,  have  been  hanriled  by 
their  owners  veiy  much  as  their  judgments  dictated,  a  record  being 
kept  in  all  cases  of  just  what  treatment  each  pasture  received. 

STJHFACE  COVEBING. 

The  accumulation  of  dead  herbage  upon  the  surface  of  the  soil  of 
the  area  takes  place  very  slow-ly.     When  the  growth  first  dries  up  in 
the  fall  after  a  good  rainy  season  there  is  an  accumulation  of,  perhaps, 
a  thousand  pounds  of  dry  matter  to  the  acre.     This  is  enough  to  make 
a  big  fire  if  ignited  shortly  after  the  diy  season  sets  in.     If  left  upon 
the  ground  for  one  year  in  this  climate,  how^ever,  it  largely  disappeai*s, 
from  the  action  of  wind  and  weather,  so  that  the  accumulation,  while 
surely  taking  place  from  year  to  year,  is  very  slow.     In  this  inclosure 
after  six  years  of  protection  there  is  in  no  portion  of  it  a  complete 
ground  cover  during  the  entire  year.     There  is,  it  is  true,  at  the  close 
of  the  rainy  season  grass  two  feet  or  more  high  in  some  places,  but,  as 
is  characteristic  of  desert  vegetation,  it  is  tliin  and  largely  disappear 
before  the  next  season.     In  the  lower  portion  of  the  field,  where  the 
annual  grasses  predominate,  the  accumulation  is  next  to  nothing, 
but  it  gradually  increases  tow  ard  the  Righer  level  and  is  most  abun- 
dant in  the  extreme  southern  portion  of  the  inclosure.     (See  PI.  IV, 
fig.  2.)     The  occurrence  of  a  dry  year  largely  obliterates  any  cover 
that  may  have  accumulated  during  the  previous  season.     In  short, 
even  after  six  years  of  protection  there  is  now^  in  the  lower  portion  of 
the  field  practically  no  ground  cover,  and  in  all  probability  there 
never  has  been  any.     In  the  upper  portion,  while  the  growth  increases 
under  protection,  there  is  yet  only  about  half  a  cover  on  the  ground 
during  the  entire  year.     In  the  upper  country,  at  an  altitude  of  3,500 
feet  and  upward,  a  large  accumulation  of  dead  herbage  can  be  kept 
upon  the  ground  under  a  good  system  of  management,  as  is  being 
done  in  some  private  and  cooperative  pastures  in  the  region  now, 
but  below  this  altitude  the  ground  cover  is  not  a  factor  of  much 
consequence,  for  the  grasses  are  mostly  annual.     Of  course,  upon 
the  swales  wluch  receive  flood  waters  the  galleta  and  other  grasses 
make  a  large  growth  and  protect  the  surface,  but  such  areas  do  not 
occur  in  the  inclosures  here  described. 

It  will  be  seen  that  the  matter  of  grow'th  is  one  of  distribution  of 
moisture,  which  is  influenced  by  altitude.  As  stated  elsewhere,  the 
rainfall  quoted  in  this  paper  is  taken  in  the  204-acre  pasture.  This 
point  probably  receives  more  rainfall  than  any  portion  of  the  large 
inclosure,  the  precipitation  decreasing  gradually  northward  until  one 
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reaches  a  point  where  it  is  too  light  to  support  the  perennial  grasses. 
However,  a  few  miles  to  the  northeast  of  the  field  there  is  an  area  of 
lower  ground  where  hay  has  frequently  been  cut,  but  this  is  due  to 
the  spread  and  accumulation  of  flood  waters  over  the  surface.  It  is 
more  than  probable  that  the  rainfall  where  the  gauge  is' located  is 
from  li  times  to  twice  that  in  the  lower  (northern)  portion  of  the 
field,  which  represents  more  closely  the  conditions  obtaining  around 
Tucson. .  Besides,  the  distribution  of  rainfall  is  much  better  in  the 
upper  portion  of  the  inclosure,  more  frequent  rains  occurring  than  in 
the  low  altitudes. 

CONDITIONS  INSIDE  AND  Oin?SIDE  OF  THE  FENCED  ABEA. 

Upon  the  north  and  the  west  sides  of  the  field  there  is  practically 
no  difference  between  the  inside  and  the  outside  of  the  inclosure. 
There  are  two  reasons  for  this.  The  north  and  northwest  portions 
are  the  least  productive  of  the  field,  and  in  this  neighborhood  water 
is  a  long  way  off,  so  that  the  stock  graze  here  very  little.  Indeed, 
there  have  been  but  few  cattle  in  the  vicinity  of  the  fence  from  the 
private  pastures  to  the  northwest  comer  for  two  years.  (See  map, 
fig.  1.)  As  a  consequence,  upon  the  southwest  side  a  small  crop  of 
hay  was  cut  on  the  outside  of  the  fence  last  year. 

On  the  east  side,  outside  of  the  inclosure,  the  pasture  is  very  short, 
having  been  grazed  for  years  by  horses  and  sheep.  The  conditions 
here  are  most  instructive.  The  year  1908  was  a  favorable  one  and, 
consequently,  in  spite  of  the  heavy  grazing,  some  of  the  valuable 
perennial  grama  grasses  matured  seed  to  a  much  greater  extent 
than  in  former  years.  This  illustrates  the  extreme  persistency  of 
these  grasses.  They  may  be  greatly  abused  even  in  this  easily 
eroded  and  parched  region,  but  when  a  favorable  season  occurs  they 
again  make  their  appearance  and  will,  if  husbanded  for  a  few  years, 
regain  their  supremacy.  There  is  no  doubt  that  there  was  at  least 
ten  times  as  much  growth  of  these  valuable  perennials  in  1908  as 
there  had  been  for  the  previous  tliree  or  four  years.  On  the  whole, 
there  was  in  1908  a  fairly  good  crop  of  vegetation  on  this  badly 
denuded  region  tributary  to  Helvetia,  but  it  consisted  in  largest  meas- 
ure of  the  six-weeks^  grasses,  which  are  the  poorest  in  the  region. 

From  McCleary^s  south  gate  to  Helvetia  the  area  next  to  the  gov- 
ernment fence  is  now  entirely  protected  by  private  holdings.  (See 
map,  fig.  1.)  Although  some  of  these  have  been  only  partially  pro- 
tected from*  the  very  excessive  grazing  of  the  previous  years  for 
somewhat  less  than  twelve  months,  there  is  a  phenomenal  difference 
between  them  and  the  outside  range.  In  one  instance  an  inclosure 
of  nine  months'  duration  can  be  recognized  for  a  distance  of  six  or 
more*  miles  even  though  the  area  has  been  grazed  moderately  all  the 
time. 
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NATT7KAL  BE  SEEDING. 

Nature  is  normally  profligate  in  her  seed  supply.  It  seems  at 
times,  especially  with  desert  plants,  that  germination  will  insure  seed 
production;  in  other  words,  many  plants  which  have  suflicient 
moisture  for  germination  seldom  fail  to  produce  some  seed.  Indeed, 
in  an  average  season  the  annual  plants  of  the  desert  produce  enough 
seed  to  restock  the  same  land  and  insure  as  large  a  subsequent  croj) 
as  the  sterile  soils  can  maintain.  A  small  percentage  of  the  more 
common  plants  grow  each  year  and  in  turn  produce  seed.  As  an 
example  we  might  cite  Boutelona  aristidoides.  A  season  is  seldom 
so  dry  that  some  of  this  grass  will  not  grow  and  produce  seed.  The 
plants  may  be  a  foot  high  and  yield  very  little  seed,  or  the  spikes  in  a 
favorable  year  may  equal  the  entire  length  of  the  plant  in  an  unfavor- 
able one. 

It  is  different,  however,  with  the  perennial  grasses.  A  season 
which  produces  an  abundance  of  seed  may  be  followed  by  one 
unsuited  to  the  growth  of  seedlings,  and  consequently  the  crop  of 
seed,  although  it  falls  to  the  ground,  may  be  largely  lost.  Siiice 
the  Department's  operation^  in  the  Santa  Rita  Mountains  were 
begun  there  have  been  but  two  years  favorable  for  reproduction. 
The  season' of  1907,  although  not  so  prolific  as  the  subsequent  one, 
produced  an  abundance  of  seed  of  Boutelona  rothrockii  and  Bouteloua 
hromoideSy  two  of  the  most  important  grasses  in  this  region.  This 
was  followed  by  a  very  favorable  season  in  1908.  There  was  con- 
sequently an  exceptionally  good  growth  of  seedlings  that  season.  It 
is  quite  possible  that  the  seedlings  of  these  two  grasses  over  the 
entire  areas  in  which  they  are  peculiarly  characteristic  would  average 
from  four  to  six  to  the  square  foot.  These  seedling  plants  were  all 
well  established  and  in  thrifty,  vigorous  growing  condition  on  October 
1,  1908. 

The  condition  of  these  seedlings  the  next  season  was  not  only  of 
scientific  interest  but  of  exceeding  economic  importance.  If  they 
all  grew  to  maturity  and  produced  plants  the  next  year  as  vigorous 
and  lai^e  as  those  that  grew  on  the  same  area  the  yield  ought  to  be 
increased  50  per  cent,  other  conditions  being  equal.  This  condition, 
of  course,  was  beyond  the  range  of  probability,  because  such  a  yield 
would  be  beyond  the  capacity  of  these  desert  lands  to  produce.  As 
a  matter  of  fact  it  is  doubtful  whether  the  yield  of  perennials  in  the 
upper  portion  of  the  field  was  much  greater  in  1909  than  in  1908,  in 
spite  of  the  large  number  of  seedlings  of  1908.  Natural  selective 
influences  work  to  thin  this  stand  to  the  typical  thin,  scattering, 
bunchy  condition  best  adapted  to  maximum  production  upon  arid 
lands,  a  principle  becoming  better  and  better  recognized  in  the 
growing  of  farm  crops  with  small  amounts  of  rainfall.  Thin  seeding 
is  now  recognized  to  be  best  under  such  conditions.     The  difference 
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between  a  good  crop  and  a  small  one  in  the  perennial-grass  region  ol 
these  deserts  is  not  so  much  due  to  a  larger  number  of  plants  as 
larger  plants  or  clumps  of  plants. 

Our  experience  upon  this  inclosed  tract  seems  to  indicate  that  th 
natural  restocking  of  the  perennial  range  by  new  plants  takes  pi 
at  irregular  intervals.  The  ratio  of  increase  may  bear  no  relation  t 
the  quantity  of  seed  produced  the  previous  year.  In  other  words," 
a  favorable  season  for  seed  germination  following  a  poor  season  of 
seed  production  may  develop  vastly  more  seedlings  than  one  of  poor 
distribution  of  moisture  following  an  abundant  seed  production. 
Since  this  area  was  fenced,  there  has  been  but  one  season  when  the 
production  of  perennial-grass  seedlings  failed  almost  entirely.  On 
the  other  hand,  there  have  been  but  two  vears  in  five  when  a  decided 
increase  was  noticed,  the  increase  in  1907-8  being  enormously  greater 
than  any  of  the  others. 

ARTIFICIAL  BE  SEEDING. 

Many  attempts  have  been  made  to  introduce  forage  plants  in  this 
section,  botli  in  the  large  inclosure  and.  upon  the  holdings  of  private 
individuals  in  the  vicinity.  There  is  but  one  species  tliat  has  given 
any  beneficial  results.  Alfilerilla  (Eurodium  dcviarium)  has  been 
tried  several  times  and  in  various  situations.  In  brushy  pastures  in 
the  upper  foothills  it  has  produced  a  thick  mat  of  herbage  some  years, 
while  in  others  the  growth  has  been  poor.  All  in  all  it  has  done  well 
in  patches,  but  only  in  the  most  favorable  situations,  in  rather  loose 
soil,  where  the  grazing  has  been  quite  heavy  and  there  is  open 
mcsquite  brush.  This  plant  grows  ,in  the  winter;  consequently, 
the  shade  furnished  by  the  mesquite  is  at  a  minimum  when  the 
plant  grows.  It  has  taken  four  or  five  years  for  it  to^  become  well 
established. 

In  the  open  foothills,  where  the  best  pasture  is  found,  the  growth 
of  this  plant  has  been  of  no  consequence.  It  has  been  started  in 
several  places,  and  indeed  there  were  patches  of  it  to  be  found  in 
several  situations  when  the  field  was  inclosed,  but  even  these  have 
not  spread.  In  sliort,  the  plant  does  not  appear  to  be  able  in  tliis 
situation  to  compete  with  native  vegetation  when  the  latter  is  not 
grazed.  In  one  locality,  along  the  fence  line,  there  has  been  for 
years  a  patch  of  a  few  acres  established  no  one  knows  how,  but  prob- 
ably by  sheep.  This  has  been  watched  with  interest,  but  the  growth  of 
alfilerilla  has  been  less  under  protection  than  in  the  open  where  the 
land  was  heavily  grazed. 

In  all,  some  two  hundred  species  of  forage  plants  have  been  planted 
in  this  inclosure.  Many  native  species  were  tried,  but  the  vast 
majorit}^  used  were  of  foreign  importation.  At  one  time  the  Office 
of  Forage-Plant  Investigations  of  the  Bureau  of  Plant  Industry  fur- 
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nished  more  than  one  hundred  varieties  for  testing.  In  some  cases 
the  seed  was  covered  and  in  others  scattered  without  any  further 
attention.  The  plan  has  been,  whenever  the-  quantity  of  seed  per- 
mitted, to  sow  one-half  in  the  fall  and  one-half  in  the  early  summer, 
hi  some  cases  the  ground  was  worked  up  sufficiently  to  kill  about  half 
of  the  original  v^etation. 

The  net  economic  result  of  all  this  foreign  introduction  has  been 
practically  nil.  It  is  not  necessary  to  go  into  details  regarding  these 
plantings,  even  to  the  extent  of  publishing  a  list  of  the  seeds  planted. 
Most  of  the  species,  in  our  experience,  have  never  come  up,  and  the 
few  things  that  did  make  any  growth  usually  died  before  seed  was 
produced. 

In  1906  large  quantities  of  wild  oats  (Avena  fatua  and  A.  barbata) 
were  planted  in  June.  Germination  was  very  good,  and  by  the  1st 
of  January,  1907,  the  plats  were  promising,  but  the  plants  soon 
dried  up,  never  getting  over  about  2  inches  high.  The  seed  did  not 
germinate  until  the  winter  rains  set  in.  The  previous  year  seed  of 
bur  clover  (Medicago  denticuUUa)  from  California  was  sown  in  large 
quantity  and  well  covered.  It  started  beautifully,  but  dried  up  and 
died  in  April  when  about  2  inches  high,  with  no  seed  production. 

Tucolote  (Bromus  mcuimiLs)  matured  a  few  plants  from  one  of  the 

several  seedings  made,  but  seems  to  liave  disappeared  entirely.     This 

is  one  of  the  most  aggressive  species  upon  the  California  ranges.     It 

might  not  be  a  detriment  here,  for  it  is  a  winter  annual,  and  therefore 

would  come  in  competition  with  only  weedy  spring  plants  and  would 

probably  have  no  effect  on  the  crop  of  forage  whicli  comes  in  summer. 

Results  in  reseeding,  so  far  as  these  experiments  have  progressed, 

can  be  secured  much  more  satisfactorily  by  the  use  of  seed  of  native 

forage  plants  than  by  the  use  of  the  seed  of  plants  from  foreign 

countries.     But  even  with  these  the  results  are  not  commensurate 

with  the  expense  of  getting  the  seed  and  growing  it.     Much  more 

satisfactorv  residts  have  thus  far  been  obtained  bv  husbandinor  the 

native  vegetation  and  grazing  well  within  the  capacity  of  the  land 

to  maintain  stock.     In  short,  so  far  as  information  gained   from 

experiments  thus  far  conducted  is  concerned,  these  lands,  although 

very  badly  overgrazed,  will  return  approximately  to  their  original 

productivity  under  complete  protection  in  about  three  average  years. 

Complete  protection,  however,  is  not  necessary,  though  of  course  it 

will  take  longer  to  restore  lands  to   their  full  productivity  when 

grazing  is  practiced. 

These  remarks  apply  only  to  the  plants  already  tried,  the  majority 
of  which  had  some  cl^im  to  succeeding  in  dry  situations.  It  is  not 
unpossible  that  some  foreign  plants  may  yet  be  found  which  will 
succeed  here,  and  all  which  have  any  chance  of  success  should  be 
tried.     But   meantime  proper  handling  of  the  native  vegetation  is 
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urged — a  system  of  grazing  which  it  is  well  within  the  capacity  of 
the  land  to  maintain. 

A  number  of  native  grasses  have  been  caused  to  spread  su(M^es&- 
fully  by  gathering  the  seed  in  advantageous  localities  and  simply 
scattering  it  where  the  groimd  was  badly  denuded.  Better  results 
have  been  obtained  when  seeding  was  done  the  last  of  June  or  the 
first  of  July.  When  sown  in  autumn  the  ants  pick  up  too  many  of 
the  seeds.  Beneficial  results  have  been  secured  in  this  way  by  the 
use  of  the  seed  of  Andropogon  sdccharoides,  BovieUma  vesiiiay  and 
B,  rothrockii.  Less  positive  results  have  been  secured  by  the  use 
of  native  seed  of  Bouteloua  curtipendula  and  Leptochloa  dubia.  Indif- 
ferent results  have  been  secured  with  Bouteloua  oligostackya.  It 
should  be  noted  that  the  last  is  a  very  important  grass  on  the  east 
side  of  the  Santa  Rita  Mountains,  but,  so  far  as  the  writer  knows, 
it  does  not  occur  on  the  northwest  side  of  the  divide  except  in  one 
small,  well-established  patch.  The  origin  of  this  is  not  certain,  but 
it  is  beUeved  that  it  was  established  by  seeding  done  in  1901.  -It  is 
a  beautiful,  vigorous  growth  in  a  place  which  was  badly  denuded 
at  that  time. 

The  above  illustrations  of  the  successful  use  of  native  species  are 
important  and  interesting,  but  they  have  no  applicability  to  open- 
range  conditions.  However,  where  the  land  is  under  fence  and  seed 
can  be  secured  in  the  vicinity  without  too  much  expense,  improve- 
ments can  be  made  in  very  badly  trampled  areas.  When,  the  roots 
of  the  native  growth  are  not  completely  destroyed,  it  is  questionable 
whether  in  such  situations  as  this  recuperation  would  not  occur  fully 
as  rapidly  by  proper  protection  from  overgrazing  without  the  use  of 
seed  as  with  it. 

It  must  be  remembered  that  the  chances  of  failure  of  seed  in  such 
a  region  are  very  great.  It  is  not  necessary  to  discuss  at  length  the 
contributing  causes.  They  are  many.  The  most  important  are  the 
irregularity  and  the  uncertainty  of  the  rainfall. 

TEliPOBABY  CHANGES  IN  VEGETATION. 

The  most  striking  changes  in  vegetation  are  those  which  take 
place  from  year  to  j'^ear  in  annual  plants,  and  this  is  always  noticeable 
in  any  region  where  the  annual  vegetation  predominates.  As  a  con- 
crete example,  the  growth  upon  one  of  the  inclosiures  in  1907  may 
be  compared  with  that  of  1908.  In  a  badly  denuded  portion  of  one 
of  the  fields  a  blue-flowered,  aster-like  composite  {Machilrantherasp) 
was  decidedly  conspicuous.  It  was  estimated  that  in  1907  one 
could  have  cut  with  a  mower  at  least  500  pounds  of  dry  matter  to  the 
acre  from  a  large  area.  In  1908  one  would  have  been  obliged  to  cut 
not  less  than  30  acres  to  secure  500  pounds.  The  only  place  that  the 
plant  grew  the  second  year  was  along  washes  and  rivulets,  which, 
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however,  never  had  water  except  during  a  rain.  In  1908  this  aster- 
like  plant  was  supplanted  by  Bovidoua  aristidaideSj  Aristida  bra- 
moideSy  and  other  weedy  annual  grasses.  Besides  these,  there  was  a 
thin  and  very  irregular  growth  of  such  valuable  perennials  as  Bov^ 
tehua  rothrocJcii,  Boutdoua  bromoideSj  LeptocJdoa  duhia,  and  Bom- 
Uhma  vestita.  This  area  was  in  the  590-acre  inclosure  (marked 
U.  S.  R.  on  the  map,  fig.  1).  The  changes  were  more  noticeable 
than  in  the  large  field  because  the  small  field  was  more  completely 
denuded  of  its  vegetation.  It  is  quite  probable  that  the  productive 
capacity  of  the  small  field  is  much  below  the  average  of  similar 
portions  of  the  other  field. 

But  such  differences  in  vegetation,  comparing  one  year  with 
another,  are  very  striking.  There  has  not  been  one  year  in  ten  when 
there  was  such  a  crop  of  PlarUdgo  fastigiata  throughout  the  region 
(see  PI.  V,  fig.  2)  as  in  the  spring  of  1901.  In  the  large  field,  even 
with  similar  rainfall,  there  occurs  an  ascendency  of  one  plant  one 
year  and  of  another  plant  another  year,  and  this  is  more  especially 
true  of  the  growth  of  the  spring  season,  which  is  more  truly  annual. 
One  year  the  Arizona  lupine  (Lupinus  arizonicus)  gives  its  charac- 
teristic color  to  the  landscape.  Another  year  may  witness  the  same 
with  reference  to  Orthocarpus  purpurascens  palmeri.  Lotu^  JiumiS' 
iratug  may  be  the  abundant  species  another  year,  and  Pedocarya 
linearis  another.  In  the  upper  portion  of  the  large  inclosure  at  the 
present  time  there  is  a  good  stand  of  perennial  grasses.  These  grow 
in  the  relatively  humid  summer  season.  During  the  summer  there 
is  a  very  sparse  growth  of  annuals.  In  the  spring,  however,  this 
region  which  grows  grass  in  summer  has  its  complement  of  annuals, 
and  the  relative  abimdance  of  the  species  varies  about  the  same  as  it 
does  on  the  lower  portion  of  the  field,  where  the  perennials  do  not 
occur. 

So  far  as  known,  no  one  has  ever  offered  an  explanation  for  these 
yearly  variations  of  annual  vegetation.  The  change  in  the  a,spect 
and  balance  of  the  species  occurs  in  the  annuals  only.  There  has 
been  no  change,  so  far  as  anyone  can  see,  in  the  areas  of  Bouteloua 
rothrocJcii,  Bo^uieUma  hromoideSj  Aristida  divaricataj  or  Aristida  cdli- 
fomi4M,  in  the  large  inclosure  since  the  beginning,  excepting  a  gradual 
thickening  up  of  the  respective  species  and  a  consequent  shutting  out 
of  the  annuals.     (See  Pla  II  and  III.) 

PEBMANENT  CHANGES  IN  VEGETATION. 

The  rancher  in  this  region  is  only  half  wrong  when  he  asserts,  as 
he  iwmmonly  does,  that  the  six-weeks'  weedy  and  low-quality  grasses 
have  recently  taken  the  range  and  driven  out  what  he  calls  *'root 
grasses,"  or  the  more  valuable  perennials.  It  is  only  the  last  portion 
of  the  statement  that  is  false.     The  perennials,  or  more  valuable 

177 


16  A  PROTECTED   STOCK   RANGE   IN   ARIZONA. 

species,  have,  it  is  true,  disappeared,  but  they  were  not  driven  out  by 
annuals^  but,  on  the  contrary,  by  the  rancher's  cattle. 

The  annual  grasses  of  this  region,  such  as  Boutdoua  aristidaides 
and  Aristida  bromoideSy  are  not  much  relished  by  stock.  They  have 
harsh,  hard  glumes  which  penetrate  the  flesh.  They  dry  up  early, 
leaving  but  little  substance,  and,  more  than  all  this,  they  pull  up  by 
the  roots  when  grazed  and  carry  with  them  sand  and  dirt.  They  are 
therefore  not  eaten  while  the  perennials  are  available.  When  the 
latter  become  impoverished  by  excessive  grazing  the  former  flourisL 
The  ranges  have  therefore  at  present  a  larger  proportion  of  weedy 
annuals,  not  because  the  latter  are  more  aggressive,  but  because  the 
former  have  been  impoverished  and  to  a  large  extent  in  many  sec- 
tions killed  out  by  overgrazing. 

One  thing  at  least  has  been  conclusively  proved  in  this  experiment, 
i.  e.,  that  the  perennials  which  once  flourished  here  and  which  have 
been  decidedly  injured  by  stock  will  again  regain  their  ascendency 
over  the  weedy  annuals  when  given  a  measure  of  protection.  The 
Boutehua  rothroclcii  and  Bouteloua  hromoides  areas  were  not  only  less 
productive  of  these  perennial  grasses  when  the  inclosure  was  made 
but  were  actually  more  productive  of  the  annuals  Boutelotui  arisii- 
doides  and  Aristida  hromoides.  (See  Pis.  II  and  III.)  The  gradual 
encroachment  of  the  perennials  upon  the  region  of  annual  grasses 
has  been  one  of  the  most  notable  features  since  the  area  was  inclosed, 
and  is  yet  in  all  probability  only  partially  accomplished. 

The  regaining  of  ascendency  by  the  perennials  is  slow  here,  much 
slower  than  in  regions  favored  by  a  more  equitable  rainfall.  As 
stated  elsewhere,  it  is  only  in  an  occasional  season  that  seed  of  the 
perennials  appears  to  find  conditions  congenial  for  growth.  This, 
coupled  with  the  fact  that  the  annuals  invariably  encroach  at  tliis 
altitude  whenever  the  perennials  are  injured,  renders  the  process  of 
recuperation  slow  here  compared  with  that  in  northern  regions  of 
more  favorable  rainfall  and  a  less  easily  eroded  soil. 

On  the  other  hand,  the  increased  growth  of  an  even  partially  pro- 
tected area  is  phenomenal.  One  of  the  inclosures  completed  very  late 
in  1907  can  be  distinguished  at  the  present  time  for  miles  by  the  differ- 
ence between  the  character  of  its  vegetation  and  that  of  the  vegeta- 
tion outside,  and  it  has  been  grazed  continuously  at  that,  but  only 
moderately. 

Last  season  one  of  the  fields  inclosed  was  as  badly  grazed  as  the 
Macaranthera  area  already  referred  to,  but  grew  a  finer  crop  of  a 
yellow  annual  composite.  Although  it  was  in  one  of  the  best  peren- 
nial-grass regions  on  the  west  side  of  these  mountains,  there  .was 
practically  no  grass  there  except  a  poor  growth  of  the  six-weeks' 
varieties.     This  season  there  is,  of  course,  after  such  excessive  graz- 
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ing,  only  a  moderate  growth  of  the  perennials,  but  at  least  tenfold  as 
touch  as  there  was  last  year,  and  a  very  heavy  growth  of  the  annuals, 
fudging  from  what  has  taken  place  upon  the  first  large  inclosure,  the 
fmnuals  will  gradually  give  way  to  the  perennials  during  the  next 
bur  or  five  vears  and  at  the  same  time  withstand  a  considerable 
tmount  of  grazing. 

!  Below  an  altitude  of  about  3,500  feet  we  come  to  the  desert  proper, 
Irhere  the  summer  grasses  are  mainly  of  the  annual  type,  always  have 
been,  and  probably  always  will  be.  Below  this  altitude  the  only 
perennial  grasses  are  those  which  are  favored  by  occasional  irrigation, 
b  long  arroyos  and  swales,  where  the  drainage  from  higher  levels 
ipreads  out  over  them.  There  is  no  hope  of  establishing  perennials 
kpon  the  lower,  unirrigated  mesa  lands.  When  rains  are  favorable 
ihe  low-lying  regions  wiU  produce  some  indifferent  feed  in  the  shape 
^  annuals,  and  that  is  all  that  can  be  hoped  for  them. 

FECXTLIAKmES  OF  THE  FEED. 

The  appearance  of  the  feed  upon  the  ground  is  deceptive  in  any 
irt  country,  but  more  especially  in  the  area  described  in  this  bul- 
itin.  The  growth  is  invariably  thin,  but  it  may  be  quite  tall,  espe- 
ly  in  favorable  years,  making  difficult  an  estimate  of  the  quantity 
feed  produced.  This  is  true  of  the  growth  in  general  upon  a  desert 
on.  The  most  deceptive  grass  of  all  is  the  one  locally  known  as 
,ck  gama  ( Muhlenbergia  porteri) .  (See  PI.  IV,  fig.  1 . )  In  early  days 
grass  was  exceedingly  conspicuous,  growing  in  tangled  masses  2 
3  feet  high,  both  in  clumps  of  shrubbery  and  in  the  open.  The 
ioneer  stockman  calculated  the  productivity  upon  what  he  saw  of 
species,  supposing  that  he  was  dealing  with  a  grass  of  ordinary 
^aracter.  But  the  pioneer  saw  three  or  four  years^  growth,  for  the 
culms  of  this  grass  are  perennial,  only  the  terminal  joints  dying  back 
tach  season.  When,  therefore,  an  area  is  unpastured  for  a  time  there 
Ib  actually  an  accumulation  of  feed  from  year  to  year  of  this  grass 
ind  some  others,  while  the  ordinary  grasses  die  and  grow  up  again 
from  the  roots  each  year.  The  deception  is  really  serious,  as  is  readily 
Been  if  one  mistakes  three  or  four  years'  growth  for  one  and  stocks 
Ihe  land  ac'cordingly.  This  is  precisely  what  has  happened  in  many 
eases.  It  is  no  wonder  that  some  managers  of  stock  companies 
insisted  that  the  country  could  not  be  overstocked,  nor,  mdeed,  would 
it  probably  be  if  the  production  which  the  pioneer  saw  could  be 
repeated  with  certainty  each  year. 

WEEDS. 

There  are  really  but  two  weeds  in  the  iiiclosure,  but  they  are  both 
somewhat  serious.  One  is  one  of  the  rayless  golden-rods  (Isocoina 
toronopifolia)  (PL  IV,  fig.  1),  not  distantly  related  to  the  sheep  weeds 
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and  snake  weeds  of  New  Mexico,  Texas,  and  northern  Arizona 
Here  this  plant  has  spread  upward  from  the  river  bottom  and  noin 
occupies  the  rocky  ridges  and  mesas  between  the  grassy  section  anc 
the  more  level  desert  lands  below.  It  has  thickened  and  increasec 
perceptibly  during  the  last  five  years.  The  rainfall  in  the  region  when 
it  is  most  abundant  was  very  light  in  1908,  and  it  consequent!; 
made  but  little  growth.  No  one  can  tell  what  theiuture  of  this  plani 
may  be;  it  is  quite  probable  that  the  grasses  unmolested  would  hole 
their  own  against  its  encroachments,  but  with  the  grassy  vegetatioi 
weakened  by  grazing  it  may  increase  to  such  an  extent  as  to  crowd 
out  nearly  all  of  the  valuable  plants,  as  is  done  over  thousands  oi 
acres  in  other  regions  by  species  of  Gutierrezia. 

Remedies  which  are  effective  and  at  the  same  time  econoinicail]^ 
applied  in  the  control  of  the  variety  of  rayless  golden-rod  mentioned 
have  not  been  perfected  as  yet.  Burning  in  the  dry  season  in  sum- 
mer will  kill  some 'species  of  the  group.  In  other  words,  if  there  ii 
sufficient  herbage  upon  the  ground  to  bum  during  the  vegetative 
condition  of  these  plants  they  will  be  killed  by  burning  the  land  over, 
but  burning  during  the  winter  season,  when  they  are  dormant,  will 
not  kill  them. 

In  the  region  under  consideration  the  golden-rod  referred  to  hais 
increased  mainly  below  the  grassy  area,  such  increase  having  taken 
place  but  partially  during  the  time  that  the  area  has  been  under 
protection.  The  encroachment  evidently  had  •begun  years  before. 
It  is  not  yet  thick  enough  to  bum,  even  during  the  dormant  dry 
season.  Should  all  the  young  plants  in  evidence  in  1908  come  to 
maturity,  which  is  rather  improbable,  it  would  be  thick  enough  to 
burn  in  two  or  three  years.  The  grasses  do  not  become  abundant 
enough  here  to  allow  of  burning.  The  weed  is  increasing  in  the  lower 
grassy  areas,  but  principally  in  that  region  which  now,  as  probably 
always,  is  producing  mainly  annual  grasses.  How  far  it  will  increase 
in  the  perennial-grass  areas  and  how  its  encroachments  within  and 
without  the  fence  will  compare  can  not  yet  be  satisfactorily  judged. 
It  must  be  remembered  that  it  takes  very  much  longer  to  secure 
•positive  results  in  matters  of  this  kind  in  this  region  of  scanty  rain- 
fall than  in  more  favored  localities.  There  are  indications  that  the 
plant  has  about  reached  the  limit  of  its  growth  here,  as  the  sheep 
weeds  have  elsewhere,  and  like  them  has  begun  to  die.^  In  1909  a 
large  proportion  of  me  plants  were  dead  and  none  were  as  vigorous 
as  in  previous  years,  although  the  season  was  exceptionally  favorable. 

The  only  other  real  weed  is  the  loco  weed  {Lupinus  arizonic^is). 
Tliis  is  supposed  to  have  done  much  damage  to  the  horse  industry, 
but  does  not  appear  to  be  as  injurious  to  cattle.  So  serious  is  the 
matter  considered  that  at  least  one  rancher  in  the  vicinity  has  gone 
out  of  the  horse  business  entirely. 
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FlQ.  2.— ISOCOMA  CORONOPIFOUA  GnOWINC  ON   RaNQE   LAND. 

TWO    GRASSES    GROWING    IN    THE    INCLOSED    AREA. 
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This  lupine  is  an  annual  plant  which  grows  in  the  winter  rainy 
season.  It  is  conspicuous  in  the  southern  portion  of  the  inclosed 
area  in  February  and  March.  In  favorable  seasons  it  gives  its  char- 
acteristic blue  color  to  the  landscape  upon  hillsides  and  bluffs  along 
arroyos.  Even  this  plant  is  closely  grazed  by  cattle,  with,  as  already 
stated,  apparently  no  injury.  Upon  the  outside  of  the  area  it  is 
grazed  as  closely  as  any  other  forage  plant  and  seems  to  be  as  readily 
destroyed  by  such  grazing  as  any  of  the  valuable  feeds.  In  the 
spiing  of  1908  it  was  difficult  to  find  any  of  this  plant  outside  of  the 
fence  in  localities  where  it  has  been  very  abundant.  The  rayless 
golden-rod  is  the  only  conspicuous  weed  not  touched  by  stock. 


YIELD  OF  VEGETATION. 

!  During  the  time  that  the  area  has  beeri  under  fence  an  effort  has 
been  made  to  get  a  quantitative  estimate  of  the  amount  of  herbage 
produced  from  year  to  year.  The  estimate  is  based  upon  measure- 
ments of  definite  plats  scattered  over  the  entire  field  in  such  a  way 
as  judgment  dictated  would  give  an  average  yield.  Only  the  briefest 
outline  of  the  data  secured  is  given  here.  The  method  of  measure- 
ment is  given  in  Bulletin  67  of  this  series  and  need  not  be  repeated 
here  in  detail.  In  geheral  it  may  be  said  that  the  vegetation  of  plats 
containing  21  square  feet  was  measured,  these  plats,  eighteen  to 
twenty  in  number,  being  scattered  over  the  entire  field,  as  indicated 
in  Bulletin  67.  In  that  publication  a  more  or  less  detailed  discussion 
is  given  of  methods  employed  in  making  these  computations,  which 
need  not  be  repeated  here.  Inasmuch  as  these  are  more  or  less  esti- 
mates anjivay,  it  is  not  important  that  in  this  paper  a  slightly  differ- 
ent method  of  computation  is  used  from  that  in  Bulletin  67.  The 
comparisons  are  not  altered. 
The  results  of  these  measurements  are  given  in  the  following  table: 

Table  I. — Average  yield  of  forage  on  plats  of  21  square  feet  each  in  the  fenced  area  on  the 

Coronado  National  Forest. 


Year. 


Season. 


liuinfall. 


I 


mg  /Spring.. 

\\  8  iimmer 

j«v.  /Spring. . 

llSummer 

MB 


1907. 
1908. 


'  Inches. 
3.29 

7. 48 

2.  f>4 

8. 24 

/Spring '.'.'.[]" '..\"V.y."  ['.'.['.'.'.'..  2o!70 

'  Summer 6. 14 

Spring '  9.88 

Summer 3. 27 

Spring 7. 98 

.Summer 12. 03 

/Spring 9.36 

\Summer 10. 67 


Swksonai 
yield. 


Annual 
yield. 


Pounds.  I  Pounds. 
520.55  X 
270.47  J 

14.13 
398.32 


799.00 
375. 94 

(«) 

435.88 
715. 88 
300.88 
924. 67 


791.02 
412.45 


1,174.94 

(«) 
1,151.76 
1,225.55 


a  No  measurements. 
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In  the  production  of  the  two  crops  of  feed  which  we  have  in  i 
region  of  the  Coronado  National  Forest  two  seasons  of  rainfall 
tribute.     The  season  w^hich  produces  the  spring  crop  is  much 
indefinite  than  the  one  producing  the  summer  crop  and  the 
themselves  are  very  different.    The  spring  feed  consists  of 
annuals,  and  the  summer  feed  of  grasses,  both  annual  and  pere 

The  winter  rainy  season,  as  it  is  usually  called,  may  begin  as 
as  October  and  may  last  through  April,  or  it  may  be  foreshow 
at  either  end  and  even  almost  disappear  at  times.      The 
rainy  season,  on  the  other  hand,  is  short,  commonly  better 
and  occurs  in  July,  August,   and  September.     In   the 
Table  I  showing  rainfall,  that  recorded  under  the  spring 
between  October  and  April,  and  that  under  the  summer 
July  to  September.     The  rainfall  of  May  and  June  is  n.e^ 
seldom  has  any  influence  on  feed  production. 

The  rainfall  record  is  taken  in  the  204-acre  pasture  shown.' 
map  (fig.  1). 

In  a  general  way  Table  I  shows  that  the  yield  is  de; 
upon  the  quantity  of  rainfall.  Quantity,  however,  is  not  the 
factor,  as  will  be  readily  seen.  Its  distribution  is  of  exfc 
importance.  This  feature  is  not  shown  in  the  table.  It  can 
shown  only  by  a  detailed  account  of  the  precipitation,  vt'hich  i^ 
not  considered  necessary,  to  publish  at  this  time.  The  most 
portant  point  of  all  brought  out  by  the  table  is  the  comparati 
uniformity  of  production  during  the  last  years  and  the  increase  o 
earlier  years.  Both  of  these  facts  tend  to  show  that  the  product 
of  the  field  has  been  decidedly  on  the  increase  and  that  it  may  b 
be  at  its  maximum,  which  was  reached  in  about  three  years  aftcar 
inclosure.  Whether  the  production  from  now  on  will  be  de 
upon  rainfall  alone  remains  to  be  seen,  but  so  far  as  these  record* 
that  is  to  be  expected.  It  is  also  to  be  expedited  that  from  now 
there  will  be  little,  if  any,  increase  in  production  due  entirely 
protection.  On  the  other  hand,  yield  alone  is  only  one  phase  of 
improvement  which  may  take  place.  As  pointed  out  elsewhere, 
improvement  may  be  as  much  a  matter  of  the  supplanting  of  anniKfib 
by  perennials  of  greater  value  as  it  is  of  actual  number  of  pounds  rf 
feed  produced.  This  improvement,  it  is  believed  by  the  writer,  will 
take  place  to  some  extent  under  future  protection,  but  it  is  believed 
that  the  maximum  tonnage  has  been  reached  and  that  future  fluc- 
tuations w^ill  be  due  in  largest  measure  to  variation  in  rainfall. 

The  general  corre]ation  between  the  rainfall  and  the  yield  of  forage 
is  of  course  very  striking,  as  rainfall  is  always  the  most  important 
factor  of  production  here.  But  the  production  of  520  pounds  of 
forage  on  3.29  inches  of  rainfall  in  the  spring  of  1903  is  out  of  all 
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I 

'  proportion  to  the  production  of  only  14  pounds  on  2.64  inches  in 
1904.  As  a  matter  of  fact  nearly  2  inches  of  the  rainfall  which  pro- 
duced the  spring  crop  of  1904  fell  in  the  months  of  October  to  De- 
cember. This  served  to  germinate  the  seed  very  well,  but  there 
was  not  moisture  enough  in  the  spring  to  make  any  considerable 
growth.  This  is  a  good  illustration  of  the  influence  of  proper  dis- 
tribution of  moisture  as  well  as  proper  quantity. 

CABBYINa  CAPACITY. 

As  stated  elsewhere,  the  large  field  has  not  yet  been  pastured,  the 
object  thus  far  being  to  study  recuperation  under  absolute  protection. 
The  only  data  secured  on  carrying  capacity  are  from  the  pastures 
under  private  cooperative  control  contiguous  to  the  upper  side  of 
this  field.  The  most  satisfactory  record,  all  things  considered,  is 
from  the  *'MacB.''  pasture.  (See  PL  V,  fig.  1.)  The  record  is  short, 
but  even  the  first  year  after  being  inclosed  the  land  improved  very 
perceptibly  and  still  maintained  stock  at  the  rate  of  one  head  to  20 
acres.  It  should  be  stated  that  this  pasture  is  about  one-fourth  in 
the  oak  belt  and  the  remainder  in  the  open  grass  land  immediately 
below.  It  is  probably  the  best  pasture  land  in  this  region.  The 
204-acre  pasture  is  smaller  and  less  productive  by  far,  mainly  on 
account  of  thick  brush.  A  long  record,  reaching  over  five  ycai*s,  is 
available  for  this  pasture.  Four  burros  and  three  horses  run  short 
of  feed  in  this  pasture  occasionally.  Of  course,  the  brush  interferes 
with  the  growth  of  grass  somewhat.  On  the  other  hand,  the  mesquite 
{Prosopis  velviina)  furnishes  some  beans,  which  are  a  valuable  for- 
age. Pasture  experiments  in  the  large  inclosure  were  begun  in  the 
sununer  of  1909,  and  the  results  will  be  reported  later. 

INCBEASE  OF  SHBXJBS. 

Much  has  been  written  about  the  rapid  spread  of  the  mesquite 
{Prosopis  glandulosa)  and  other  shrubby  vegetation  in  Texas  since 
the  advent  of  flocks  and  herds,  but  the  development  of  this  class  of 
plants  is  so  much  slower  on  the  inclosed  area  referred  to  in  this  paper 
that  it  appears  to  have  been  in  a  large  mciisure  overlooked.  It  is, 
however,  taking  place  just  as  surely  as  in  Texas;  the  only  difference 
is  that  the  growth  is  much  less  than  half  as  rapid. 

The  year  previous  to  the  inclosure  of  tlie*large  field  a  small  crop  of 
hay  was  cut  over  the  best  portion  of  its  present  area.  This,  however, 
^as  far  from  any  water.  Acres  were  harvested  where  there  was  no 
impediment  to  the  mower.  At  the  present  time,  six  years  later, 
theie  is  not  an  acre  in  the  whole  field  where  there  are  no  shmbs  to 
interfere  with  the  machine.  •  They  are  still  small,  half  an  inch  to  an 
^nch  in  diameter  at  the  base,  but  large  enough  to  stop  a  mower. 
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They  have  made  a  very  perceptible  increase  within  the  writer's 
acquaintance  with  the  area.  The  prediction  is  ventured  that  the 
time  is  coming  when  these  foothill  grassy  areas,  which  now  have  only 
an  occasional  small  shrub,  will  be  as  shrubby  as  the  deserts  and  lower 
foothills  below  them,  if  not  more  so. 

Some  of  these  shrubs  do,  of  course,  furnish  some  feed,  but  here,  as 
elsewhere,  their  growth  will  be  largely  at  the  expense  of  grasses. 
For  a  long  time  the  lower  foothills,  arroyos,  and  general  desert  mesas 
have  been  shrubby,  and  the  gently  sloping  tables  between  the  arroyos 
and  the  upper  foothills  are  slowly  becoming  so. 

It  will  doubtless  be  impossible  to  depict  all  the  agencies  that  are 
bringing  about  these  changes.  It  is  quite  certain  that  the  operations 
here  of  the  Bureau  of  Plant  Industry  have  had  no  influence,  for  the 
shrubbery  has  thickened  up  on  the  outside  of  the  inclosure,  where 
the  grazing  has  been  very  heavy,  apparently  as  much  as  on  the  inside. 
The  probabiUty  is  that  neither  protection  nor  heavy  grazing  has  much 
to  do  with  the  increase  of  shrubs  here,  but  that  it  is  primarily  the  direct 
result  of  the  prevention  of  fires.  There  never  was  a  time  when  the 
shrubby  lower  foothills  and  desert  mesas  produced  vegetation  enough, 
except  in  limited  localities,  to  allow  fires  to  spread,  but  the  grass; 
foothills,  which  constitute  the  upper  half  of  our  inclosure,  produce 
sufficient  vegetation  to  bum  readily,  at  least  every  other  year,  at 
the  present  time.  Previously,  before  the  country  was  stocked,  i\ 
probably  produced  more  grass  than  it  does  now,  and  was  frequentlj 
burned  over,  the  fire  extending  as  far  down  as  vegetation  would  per- 
mit. Such  burning  did  comparatively  little  injury  to  the  grasses 
but  was  very  destructive  to  ^11  small  shrubs;  consequently,  these  wen 
able  to  exist  only  along  the  sandy  washes,  where  the  grasses  wen 
least  productive,  and  upon  the  lower  areas,  where  fires  did  not  molest 
them. 

Upon  the  brushy  deserts  below,  the  rainfall  is  so  scanty  that  th< 
grass  produced  is  not  sufficient  to  allow  fires  to  spread.  Upon  th< 
mountains  above,  the  moist  season  is  more  prolonged,  the  grasi 
remains  green  longer,  and  tlie  surface  is  more  broken,  often  witl 
sheer  declivities,  which  are  bare  of  vegetation,  all  of  which  rendei 
burning  less  probable.  It  must  be  remembered  that  frequent  bum 
ings  are  not  necessary  here  to  keep  down  brush.  Possibly  with  com 
parative  freedom  from  grazing  a  fire  once  in  ten  years  would  suffice 
in  such  an  area,  because  growth  is  very  slow. 

The  memory  of  early  stockmen  is  not  sufficiently  retentive  to  giv 
us  much  reliable  information  regarding  the  location  and  density  o 
brush  upon  these  areas  when  their  operations  began,  so  it  is  nece^ar 
to  make  inferences  from  changes  which  are  occurring  now  under  thi 
changed  conditions.     Trained  observers  have  not  been  sufiScientlj 
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long  associated  with  the  conditions  or  interested  in  this  phase  of 
desert  vegetation  to  form  from  memory  accurate  judgments. 

It  is  true  that  the  grassy  belt  is  noticeably  not  continuous  in  these 
mountains  or  elsewhere,  but  on  the  other  hand,  the  desert  mesquite 
forest  often  extends  quite  to  the  beginning  of  the  real  mountain 
forest.     Such  a  condition  is  easily  accounted  for  by  local  influences. 
In  the  canyons  the  growth  of  timber  is  continuous  from  the  moun- 
tains to  the  desert,  and  in  places  on  the  ridges  and  gently  sloping  mesas 
as  well  (PL  VI,  fig.  1).     In  both  cases  the  writer  believes  this  condi- 
tion to  be  clue  mainly  to  the  comparatively  low  fertility  of  the  soil 
in  these  situations,  assisted  in  the  canyons  by  the  excess  of  water. 
The  bottoms  of  the  canyons  are  less  productive  of  grass  here  to-day 
than  the  mesas  between,  owing  to  the  constant  shifting  of  the  sands  and 
the  washing  off  of  the  finer  particles  of  soil  by  the  frequently  changing 
courses  of  the  flood  waters.     Action  of  fires  was  therefore  less  pro- 
nounced in  the  canyons,  aUownng  trees  and  shrubbery  to  get  started,  as 
well  as  when  they  did  get  started,  furnishing  greater  moisture  in  the 
subsoil. 

The  main  factor,  though,  in  the  opinion  of  the  writer,  has  been  that 
of  fire.  It  is  firmly  believed  that  were  it  not  for  the  influence  of  this 
factor  the  grassy  mesas  would  to-day  be  covered  with  brush  and 
trees,  the  same  as  the  canyons,  except  that  the  growth  would  be 
smaller,  owing  to  a  more  limited  supply  of  moisture.  In  short,  the 
same  laws  apply  here  that  govern  in  our  great  prairie  States  (see  PI. 
VI,  fig.  2),  where  the  treeless  plains  were  kept  so  by  frequent  fires. 
It  is  a  very  conspicuous  fact  that  the  continuance  of  the  desert  forest, 
up  to  the  mountains  upon  the  mesas,  occurs  where  the  soil  is  poorest; 
in  other  words,  upon  the  lands  which  produced  least  grass,  and,  con- 
sequently, the  smallest  amount  of  food  for  fires.  This  fact  is  illus- 
trated in  one  of  the  pastures,  where  there  is  an  area  of  mesquite  upon 
the  gently  sloping  mesa.  But  this  area  is  naturally  poor  soil,  and  its 
poverty,  on  account  of  location  close  to  the  terminus  of  a  temporary 
stream,  has  been  aggregated  for  many  years  by  excessive  grazing. 
The  same  remarks  apply  to  the  region  just  north  of  Helvetia. 

The  spread  of  the  seed  of  the  mesquite  by  cattle  and  horses  eating 
the  beans, 'thus  furnishing  a  good  culture  for  their  development, 
may  have  some  influence,  but  it  is  so  seldom  that  seedlings  are  met 
with  that  it  is  questionable  whether  cattle  or  horses  have  as  much 
influence  as  has  been  suggested.  They  probably  do  cause  a  more 
thorough  and  widespread  distribution,  but  probably  assist  the  spread 
of  shrubbery  more  by  eating  off  the  grass,  so  that  there  is  nothing  to 
burn,  than  they  do  by  distributing  the  seeds. 
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STJMMABY. 

The  lands  under  consideration,  in  this  paper  appear  to  regain  their 
original  productivity  in  approximately  three  years  of  complete  pro- 
tection. 

Evidence  thus  far  secured  seems  to  indicate  that  the  best  lands  in 
the  vicinity  will  improve  under  stocking  at  the  rate  of  one  bovine 
animal  to  20  acres.  The  poorer  lands  take  a  correspondingly  larger 
acreage  for  each  animal.  The  areas  that  will  carry  now  one  head  to 
So  acres  are  very  limited. 

Brush  and  timber  are  encroaching  upon  the  grass  lands,  due,  it  is 
believed,  to  protection  from  fires. 

A  ground  cover  is  not  a  factor  below  an  altitude  of  about  3,500  feet. 

Although  the  maximum  yield  of  forage  may*be  reached  in  about 
three  years  of  protection,  improvements  in  quality  of  forage  will 
probably  go  on  longer  through  the  continued  supplanting  of  annual 
plants  by  perennials  of  greater  value. 

Thus  far  alfilerilla  is  the  only  introduced  plant  which  has  succeeded^ 
and  this  only  in  the  most  favored  situations.  It  does  not  appear 
to  thrive  in  competition  with  the  native  perennial  grasses  at  these 
altitudes  when  the  latter  are  not  grazed. 

None  of  the  other  two  hundred  lots  of  seed  sown  have  given  any 
promise  of  success  except  those  of  three  or  four  native  specie^s.  These 
give  beneficial  results,  but  the  cost  is  high. 

Results  seem  to  be  secured  mucli  more  rapidly  by  proper  protection 
from  overgrazing  than  by  any  otlicr  method. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  op  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D.  C,  February  28,  1910. 

Sir:  I  have  the  honor  to  transmit  herewith  a  paper  entitled 
''hnproYcment  of  the  Wheat  Crop  in  California,"  by  Mr.  Henry  F. 
Bknchardy  Assistant  Agronomist  in  the  Office  of  Grain  Investiga- 
tioQs,  and  recommend  its  publication  as  Bulletin  No.  178  of  the 
fpfies  of  this  Bureau. 

For  many  years  there  has  been  a  steady  deterioration  in  the  wheat 
crop  of  California,  due  to  two  general  causes,  (1)  bad  methods  in  farm 
pactice  and  (2)  a  lack  of  varieties  adapted  to  that  region.  The 
Office  of  Grrain  Investigations,  of  this  Bureau,  has  investigated  these 
[conditions  for  about  five  years,  during  a  part  of  which  time  the  work 
jkas  been  in  cooperation  with  the  state  experiment  station  at  Berk- 
ley, Cal.  Besides  observations  on  many  farms  and  other  investiga- 
tions, experiments  in  methods  of  cultivation  and  adaptation  of 
barieties  have  been  conducted  in  detail  at  two  points,  Davis  and 
pfodesto.  The  accompanying  paper  gives  briefly  some  of  the  results 
kf  investigations,  to  date,  along  these  lines. 

Respectfully, 

G.  H.  Powell, 

Acting  Chief  of  Bureau, 

Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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IMPROVEMENT  OF  THE  WHEAT  CROP  IN 

CALIFORNIA. 


INTBODirCTIOir. 

An  impression  exists  among  many  California  farmers  that  the 
soil  will  no  longer  produce  profitable  yields  of  good  milling  wheats. 
This  impression  is  strengthened  by  two  well-recognized  facts: 
(1)  That  under  past  and  present  methods  of  wheat  culture  the  soil 
IB  failing  in  many  localities  to  produce  as  large  crops  as  heretofore, 
and  (2)  that  the  Australian  and  Club  varieties,  the  most  widely 
grown  California  wheats,  are  extremely  starchy.  As  only  these 
very  starchy  varieties  have  been  extensively  grown,  it  has  become 
necessary  for  the  millers  to  import  large  quantities  of  Turkey  wheat 
from  the  Middle  West  to  blend  with  the  California  wheats. 

In  order  to  discover  varieties  better  adapted  to  California  needs 
than  those  commonly  grown,  the  Office  of  Grain  Investigations  of  the 
Bureau  of  Plant  Industry  has  for  a  number  of  years  conducted  ex- 
tensive tests  of  wheat  varieties,  including  many  of  foreign  origin. 
In  this  way  it  was  hoped  to  improve  the  CaUfomia  wheat  crop  in 
both  yield  and  milling  quaUty.  As  improved  methods  of  cultivation 
are  necessary  also  to  obtain  profitable  yields  of  nitrogenous  wheats, 
an  effort  has  been  made  to  determine  the  effect  of  deep  plowing  and 
the  addition  of  humus  to  the  soil  in  the  form  of  winter  green-manure 
crops.  The  time  of  plowing,  the  conservation  of  moisture,  and 
the  eradication  of  weeds  have  also  been  considered.  If  the  State  is 
to  continue  the  profitable  use  of  its  grain  lands  and  derive  from  them 
the  largest  possible  return,  it  is  quite  necessary  that  there  be  an  im- 
provement in  the  general  practices  of  cultivation  and  in  the  varieties 
grown. 

The  investigations  covered  by  this  report  are  in  general  based 
upon  results  obtained  and  observations  made  during  a  number  of 
years,  a  part  of  the  time  in  cooperation  with  the  California  Agricul- 
tural Experiment  Station.  An  effort  has  been  made  to  so  correlate 
the  results  and  observations  that  they  will  be  of  benefit  to  the  Cali- 
fornia grain  grower  in  effecting  improvement  in  soil  fertiUty,  in  the 
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}rield  of  wheat  to  the  acre,  and  in  the  millmg  quality  of  the  grain 
produced. 

The  investigations  carried  on  thus  far  are  simply  the  foundation 
for  a  more  extensive  work  in  the  future.  It  is  necessary  in  order  to 
find  a  few  desirable  varieties  that  a  large  number  be  first  grown  in 
small  areas  and  compared  with  the  commonly  grown  varieties. 
The  results  obtained  in  this  way  indicate  which  varieties  may  be 
submitted  to  practical  tests  directly  with  the  farmers. 

COMKON  METHODS  OF  CXTXTIVATION  UNSATI8FACTOBY. 

The  cultivation*  methods  still  commonly  practiced  by  many  of 
the  farmers  of  California  have  been  brought  about  by  the  conditions 
existing  about  1860,  when  it  was  first  discovered  that  wheat  could 
be  grown  as  a  profitable  crop.  These  conditions  were  as  follows: 
Fertile  virgin  soil,  large  level  valleys  facilitating  extensive  cultiva- 
tion, a  growing  season  extending  from  November  to  June,  and  a 
period  of  rainfall  extending  over  the  growing  season,  with  com- 
paratively high  temperatures  during  the  winter  months  and  low 
temperatures  during  the  spring  months.  The  methods  are  generally 
very  simple  and  very  crude.  They  consist  in  the  continuous  cropping 
of  wheat  and  barley  upon  soil  which  receives  only  a  very  shallow 
cultivation.  The  farmer  is  removing  the  plant, food  from  the  soil 
without  the  addition  of  anjrthing  to  take  its  place.  This  is  resulting 
in  many  localities  in  a  depleted  condition  of  the  soil,  and  profitable 
crops  of  wheat  are  no  longer  grown. 

ORIGINAL   METHODS   OF   CULTIVATION. 

The  first  grain  producers  of  CaUfornia  attempted  to  crop  as  lai^ 
an  acreage  as  possible  at  a  minimum  cost.  In  order  to  do  this,  at 
that  time  all  that  was  necessary  was  very  shallow  plowing  (3  or  4 
inches  in  depth),  broadcasting  the  seed,  and  harrowing  it  into  the 
soil.  This  was  continued  from  year  to  year  and  fairly  good  crops 
were  produced  for  a  while.  The  header  and  stationary  thrasher 
were  used  in  harvesting  the  grain.  Very  little  attempt  was  made 
on  the  part  of  the  producer  to  secure  pure  seed  of  the  varieties  grown 
or  to  practice  the  careful  grading  of  wheat,  using  only  the  largest  and 
best  kernels  for  seed.  In  fact,  very  little  attention  was  given  to  the 
seed  used.  In  many  instances  the  farmer  used  the  poorest  grade  of 
grain  that  he  had  grown  the  previous  year. 

CHANGES   FROM   ORIGINAL   METHODS. 

Since  the  earlier  period  of  wheat  production  in  California  some 
changes  have  taken  place  or  are  now  in  progress.  The  most  important 
of  these  are  the  replacing  of  the  header  and  stationary  thrasher  by 
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the  combined  harvester  and  the  beginning  of  the  practice  of  summer- 
fallowing  the  land. 

The  change  to  the  combined  harvester,  about  1880,  was  due  largely 
to  labor  conditions  existing  at  that  time.  It  was  difficult  to  secure 
enough  men  to  properly  handle  the  grain,  and  the  methods  of  har- 
Testing  were  unsatisfactory.  The  cUmatic  conditions,  as  well  as 
the  general  contour  of  the  land,  were  found  to  be  favorable  to  the 
UBe  of  the  combined  harvester.  This  machine  reduces  to  the  mini- 
mum the  number  of  men  employed  and  at  the  same  time  utilizes  the 
power  of  mules  and  traction  engines. 

Proper  methods  of  sunmier-fallowing  the  land  are  not  yet  generally 
practiced.  Summer-fallowing  became  necessary  on  account  of  the 
foul  condition  of  the  soil  which  had  been  produced  by  continuous 
cropping  to  wheat.  The  use  of  the  combined  harvester,  however,  has 
partly  offset  the  cleaning  effect  of  the  fallow.  This  method  of  tillage 
is  beneficial,  especially  when  it  precedes  a  particularly  dry  season,  as 
in  this  way  a  laige  amount  of  the  rainfall  for  two  years  is  retained  in 
the  soil.  At  first  it  was  found  necessary  to  summer-fallow  the  land 
every  third  year  only,  but  later,  every  second  year. 

Other  changes  which  have  been  taking  place  during  recent  years 
are  the  reduction  in  size  of  a  few  grain  farms  and  an  increase  in  the 
depth  of  plowing  on  the  part  of  some  farmers.  These  changes,  how- 
ever, occur  in  individual  instances  only  and  are  not  general  in  their 
nature. 

BAB  RESULTS  OF  PAST  AND  PRESENT  METHODS. 

We  now  have  in  many  sections  of  California,  as  a  result  of  the  com- 
mon methods  of  wheat  culture,  a  soil  which  refuses  to  produce  profit- 
able crops  of  the  commonly  grown  varieties  of  wheat.  The  general 
practice  of  single  cropping  has  depleted  the  soil  in  humus  and  nitrates 
and  made  it  very  foul  with  weeds. 

Soil  Low  in  Uumus  and  Nitrates. 

There  are  lai^e  sections  of  California  which  have  been  sown  in 
wheat  and  barley  under  the  commonly  practiced  methods  for  the 
past  thirty  or  forty  years.  These  crops  rapidly  deplete  the  soil  in 
humus  and  nitrates.  Humus  is  the  decaying  organic  material  which 
gives  body  to  the  soil  and  is  essential  in  retaining  the  soil  moisture. 
It  also  affects  the  temperature  of  the  soil,  producing  somewhat  higher 
temperatures  in  winter  and  lower  temperatures  in  summer,  according 
to  Wollny,  as  cited  by  Hilgard.**  The  nitrates  of  the  soil  are  very 
essential  in  the  production  of  wheat,  as  they  form  an  important  part 
of  the  necessary  plant  food.     A  soil  low  in  nitrates  usually  tends  to 

aHilgard,  E.  W.    Soils,  1906,  p.  306. 
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decrease  the  nitrogen  content  of  wheat  grown  upon  it.     On  soils  low 

in  humus  and  nitrates  there  is  also  a  correspondingly  low  yield  of 

wheats 

Soil  Foul  with  Wbedb. 

The  weed  problem  is  not  of  minor  importance.  In  fact,  when  pac- 
ing through  California  grain  fields  and  finding  that  large  areas  are 
badly  infested  with  weeds  one  is  impressed  with  the  effect  that  they 
must  have  upon  the  yields  of  wheat.  This  weedy  condition  is  due 
largely  to  the  common  methods  of  harvesting  and  cultivating.  In 
many  localities  the  soil  has  become  so  weedy  that  even  with  the  best 
methods  of  summer  fallowing  commonly  practiced  by  the  fanner  it  is 
impossible  to  prevent  large  damage  to  the  crops.  The  weeds  in  many 
instances  crowd  out  the  wheat  plants  by  outgrowing  them  during  the 
winter  months. 

BBanrBBMBNTS  FOB  THE  PBODITCTION  OF  PBOFITABLB   CBOPS. 

In  order  to  produce  profitable  crops  of  wheat  on  the  worn-out  grain 
lands  of  California  the  past  and  even  the  present  methods  of  produc- 
tion must  in  a  large  measure  give  way  to  methods  which  will  produce 
better  results  in  the  future.  This  to  a  small  degree  has  already 
taken  place  in  some  sections.  There  are  also  large  areas  of  the  State 
upon  which  wheat  has  not  been  grown  for  as  long  a  period  of  time  as 
on  those  sections  first  farmed.  However,  these  are  being  rapidly 
reduced  to  the  same  depleted  condition  on  account  of  the  unscientific 
practices  in  use. 

In  some  localities  where  the  soil  now  fails  to  produce  profitable 
grain  crops  it  has  been  possible  to  grow  other  crops  on  the  same  land. 
In  general,  such  instances  are  confined  to  the  areas  upon  which  water 
can  be  applied.  Alfalfa  and  fruit  usually  do  well  in  such  sections. 
There  are,  however,  large  areas  to  which  water  can  not  be  readily 
applied,  and  these  will  no  doubt  be  used  for  the  production  of  grain 
for  many  years  to  come. 

In  order  to  produce  crops  of  grain  on  such  lands  it  not  only  becomes 
necessary  to  introduce  new  varieties  or  improved  forms  of  those  now 
grown,  but  a  change  in  the  actual  fanning  methods  for  grain  as  they 
now  exist  is  absolutely  essential.  The  present  methods  sufficed  for 
a  time,  and  temporary  profits  from  the  soil  resulted.  It  has  been 
comparatively  easy  to  produce  crops  from  a  fertile  soil  without  taking 
into  account  the  effect  of  such  methods  upon  the  soil.  It  will  require 
much  more  skill  and  effort  to  return  the  soil  to  a  condition  in  which 
good  crops  of  wheat  may  again  be  produced. 

SMALLER   FARMS   AND   PERSONAL   SUPERVISION   BY   OWNERS. 

In  the  pioneer  days  of  California  the  interior  valleys  were  not 
considered  of  much  value  for  the  production  of  crops  on  account  of 
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the  small  amount  of  rainfall.  At  that  time  certain  companies  were 
enabled  to  secure  large  tracts  of  this  land  at  a  nominal  price.  These 
companies  discovered  that  this  land  would  produce  good  yields  of 
grain  and  it  was  cropped  on  a  very  large  scale.  Since  that  time  there 
has  been  a  gradual  breaking  up  of  these  large  farms  into  smaller 
ones.  However,  there  are  still  too  many  lai^e  ones  to  make  probable 
the  general  use  of  improved  methods  of  grain  production.  Until 
the  farms  are  so  reduced  in  size  that  they  may  be  properly  handled 
we  may  look  for  continued  low  production  and  further  depletion  in 
the  soil  fertility  of  the  wheat  lands. 

Another  feature  of  much  of  the  grain  production  in  California  is 
the  practice  of  renting  the  lands  from  year  to  year  to  men  who  are 
not  interested  in  the  building  up  of  the  soil.  The  desire  of  the 
tenant  is  to  get  all  that  is  possible  out  of  the  land  at  the  least  expense 
to  himself  during  the  time  which  he  holds  it.  As  long  as  this  condi- 
tion exists  there  will  be  a  continued  decrease  in  the  value  of  the  wheat 
lands.  The  remedy  for  tMs  is  the  direct  supervision  by  the  owner 
of  the  methods  of  cultivation  and  cropping.  He  has  a  real  interest 
in  the  future  condition  of  his  soil  and  will  undoubtedly  give  it  better 
attention  than  the  tenant  who  is  interested  only  in  the  crop  he  pro- 
duces each  year. 

IMPROVED  METHODS. 

Improvement  in  the  methods  of  wheat  culture  is  essential  to  the 
production  of  more  profitable  crops.  These  improvements  include 
the  practice  of  deeper  plowing,  the  increase  of  soil  humus  and 
nitrates  by  turning  under  green-manure  crops,  and  the  cleaning  of 
the  land  of  weeds  by  better  methods  of  cultivation. 

Deep  Plowing. 

At  the  present  time  we  can  not  place  too  mucli  stress  upon  the 
importance  of  deep  plowing.  The  few  inches  of  soil  at  the  surface 
have  been  skimmed  for  so  long  that  they  are  practically  devoid  of 
plant  food  in  available  form.  For  this  reason  alone  it  becomes  nec- 
essary to  turn  up  fresh  soil.  This  will  necessitate  cutting  below 
that  stratum  of  soU  commonly  known  as  the  "plow  pan,"  whicli  has 
been  formed  by  the  practice  of  plowing  year  after  year  at  the  same 
depth.  In  many  localities  plowing  at  a  depth  of  from  8  to  12  inches 
is  advisable.  Unless  green-manure  crops  are  to  be  turned  under, 
this  depth  should  be  reached  by  a  gradual  increase  in  depth  for  two 
or  three  years.  By  this  gradual  increase  in  depth  the  subsoil  will 
become  properly  mixed  with  the  surface  soil. 

Deep  plowing  requires  more  power  than  is  needed  for  the  ordinary 
method,  and  the  first  deep  plowing  is  more  difficult  than  subsequent 
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plowings.  This  is  due  lai^ely  to  a  more  or  less  packed  condition  of 
the  subsoil.  Deep  plowing  should  be  done  in  the  early  spring  wliile 
there  is  still  sufficient  moisture  in  the  soil.  It  should  not  be  done 
while  the  soil  is  either  too  wet  or  too  dry.  Wldle  the  benefits  derived 
from  deep  plowing  may  not  be  bo  evident  the  first  season,  the  results 
obtained  are  of  permanent  character.  The  subsoil  is  benefited  by 
direct  contact  with  the  air  and  other  climatic  influences,  and  tlie 

effects  of  deep  plow^- 
ing  will  be  more 
noticeable  the  sec- 
ond and  succeeding 
years. 


As  already  stated 
the  soil  of  California 
grain  landf 
humus.     I] 
add    humu 
soil  greei 
crops    m 
grown    ani 
under.    Tt 
essary  not 
order  that 
low    in    h 
again  place 
condition, 
that  lands 
humus  is  1 
plentiful  bi 
in  good  shape  (fig,  !). 
Owing  to  a  tendency 
of  very  light  sandy 
:,  rrom  pui  upon  which  horae    soil   to   shift    during 

bBuis  were  grown  ana  piowM  una«  In  IBOS;  O.  Iron,  plat  upon  hcavV    winds,     deep 
whlcb  Canadian  Add  pmBwcr*  grown  and  plowed  under  In  I9CB;  £.  i  V       j    . 

from  plat  upon  which  rye  and  vtlch  were  grown  and  plowal  under  plOWing  may  be  det- 

iQlOCB:   F,  from  plat  upon  whkhrj-e  was  grown  and  plowfd  under  rimental    at    fipst    OH 

such  soils.  This  soil 
shifting  may,  however,  be  reiluced  to  a  minimum  by  the  addition  of 
humus,  wluc}i  will  give  it  body  and  make  possible  the  practice  of  deep 
plowing  without  injury. 


BEQDIBEMEHTS   FOR    PBODUCINQ   PROFITABLE  CROPS. 


Tanadian  field  \tetta  an<l  Abruzzes  rye  <lo  very  well  as  green-manure 
crops  la  the  valley  sections  of  the  State,  Under  favorable  conilitions 
in  the  Sacramento  Valley  peas  alone  have  given  very  good  results 
rhen  se«ded  at  the  rate  of  80  pouncls  to  the  acre.  On  the  lighter 
soils  of  the  San  Joaquin  Valley  peas  do  not  make  as  rank  a  growth 
as  in  the  Sacramento  Valley.  For  this  reason  it  is  suggested  tliat 
peas  and  rye  be  grown  together,  the  rye  to  be  sown  at  the  rate  of 
40  pounds  and  the  peas  50  pounds  to  the  acre.  The  r>'e  and  pea 
vines  will  add  humus  to  the  soil,  wliile  the  nodules  on  the  roots  of 


— Wlieat  growing  an  plal  which  has  beto  conUuuoiul;  sealed  to 


llie  pea  vines  will  transfer  the  nitrogen  of  the  air  to  the  soil  in  tlie 
form  of  nitrates.  If  rye  and  peas  are  to  be  grown  separately,  the  rye 
should  be  sown  at  the  rate  of  70  pounds  an<l  tlie  peas  at  the  rate  of 
SO  pounds  to  the  acre. 


Rye  and  peas  for  green  manure  must  Ite  grown  as  a  winter  crop. 
Tliey  should  be  planted  as  soon  as  it  is  possible  to  plow  the  land  in 
the  fall  and  should  be  turned  under  before  the  land  is  too  dry  for 
plowing  in  the  spring.     Usually  there  is  sufficient  moisture  in  tlie 
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soil  to  allow  the  planting  of  green-manure  crops  by  December  1, 
though  in  some  sections  and  in  exceptional  seasons  the  planting  may 
be  necessarily  later.  It  is  not  advisable,  however,  to  sow  later  than 
December  15,  for  unless  the  early  spring  rains  are  so  delayed  as  to 
facilitate  late  plowing  the  green-manure  crop  will  not  be  of  much 
value.  This  crop  should  be  turned  under  during  early  March  before 
the  soil  is  too  dry  for  deep  plowing.  In  other  words,  in  order  to 
give  green-manure  crops  the  maximum  period  of  growth  it  is  nec- 
essary to  sow  as  early  aa  the  ground  can  be  worked  in  tlie  fall  and  to 
turn  under  as  late  as  possible  in  the  spring. 

The  length  of  the  growing  period  is  regulated  very  largely  by  the 
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Ihft  growing  peas  or  rye  well  under,  where  they  will  readily  decay, 
kUer  "which  the  soil  should  be  well  harrowed  inunediately. 

Effect  of  Deep  PLomNO  and  Grbsn  Manurino. 

The  effect  of  deep  plowing  and  green-manure  crops  upon  the 
yield  of  wheat,  as  determined  by  observation  and  actuaJ  experiment 
(see  ii^-  2,  3,  4,  and  5),  is  shown  in  Table  I,  these  yields  being  ob- 


Tn.  t.~Wbe>t  KTDVIoc  on  pbt  m  which  tyt  Mid  vetcb  wen  grown  uul  plowed  under  In  1906,   (Stc 
flgnn  1,  £.) 

series  of  years,  they  give  an  idea  of  what  may  be  accomplished  by 
the  deep  plowing  under  of  green-manure  crops.  As  indicated,  horse 
beans  used  as  green  manure  appear  to  give  better  results  than  peas. 
However,  they  have  a  very  thick  and  heavy  stalk,  and  an  enormous 
quantity  of  seed  is  required  on  account  of  their  habit  of  growing  a 
single  stalk  from  each  seed.  They  are  not  reconunended  in  the  place 
of  peas,  which  will  give  better  results  in  combination  with  rye  as  a 
green-manure  crop. 

3Z912— Bui.  178—10 3 


16  lUPBOVEMENT   OF   THE  WHEAT  CBOP  IN  CALIFOBNIA. 

Table  I. — Bffict  of  detp  plowing  and  green-manvrt  crop*  oti  the  yield  of  uAaol  at 
ModaUt,  Col.,  1909. 


No. 

PncwUnj  trcatnwQt  ar  crop. 

Yield 

p« 

Fallow 

M.«i 

M.ra 

iMMA 

3 

CBnullanaeJd  peas  (turned  under) 

The  cultivation  of  the  plats  iiKlicated  in  the  table  was  as  follows 
In  the  fall  of  1907  all  of  the  plats  were  laid  out  on  summer-fallow 


land  and  all  were  plowed  to  a  depth  of  6  inches  and  harrowed.  Fl 
1  was  allowed  to  remain  fallow.  Plat  4  was  sown  to  wheat.  Pli 
2,  3,  5,  and  6  were  sown,  as  indicated,  to  horse  beans,  Canadi 
field  peas,  rye  and  vetch,  and  rye  alone.  The  vetch  in  plat  5  ma 
a  very  poor  stand,  while  the  horse  beans  and  peas  made  a  (airly  go 
stand.     The  stand  of  rye  was  excellent. 

In  March,  1908,  plats  1,  2,  3,  5,  and  6  were  plowed  8  inches  dec 
harrowed,  and  kept  clean  throughout  the  summer  and  fall.     Plat 
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which  yielded  at  the  rate  of  26  bushels  of  wheat  to  the  acre,  was 
double-disked  immediately  after  the  wheat  was  taken  off. 

The  first  of  December,  1908,  all  plats  were  plowed  to  a  depth  of  5 
inches  and  sown  to  wheat.  The  resulting  yields  are  given  in  Table  I. 
In  two  years'  time  the  plat  continuously  seeded  to  wheat  has  pro- 
duced 41  bushels  of  wheat.  However,  the  first  year's  yield,  26 
bushels,  was  produced  after  summer  fallow  and  the  second  year's 
yield,  15.66  bushels,  shows  a  decrease  of  nearly  half.  It  is  quite 
probable  that  the  third  year  will  give  a  very  low  yield  and  that  in  a 
series  of  five  years  the  quantity  of  wheat  produced  from  continuously 
seeded  plats  would  be  much  smaller  than  from  the  other  methods  of 
cultivation. 

It  follows,  then,  from  this  experiment,  that  deeply  plowed  summer 
fallow  will  give  much  better  yields  than  shallow-plowed,  continuously 
cropped  land.  Plats  1,  2,  3,  5,  and  6  were  all  plowed  at  the  same 
depth,  and  the  last  four  were  fallowed  also  after  turning  under  the 
green  crops.  The  yields  indicate  that  the  addition  of  organic  matter 
(humus)  to  the  soil  is  beneficial  in  increasing  the  production  of 
crops  and  that  this  increase  is  proportional  to  the  quantity  rather 
thaii  the  quaUty  or  kind  of  oi^anic  matter  added. 

INCREASED  PROFITS. 

The  yields  shown  in  Table  I  were  obtained  in  plat  work,  where  the 
varieties  received  the  best  possible  attention,  thus  giving  higher 
yields  than  would  have  been  probable  under  field  practice.  In  our 
estimate  of  the  increase  in  profits  brought  about  by  thorough  methods 
of  cultivation,  the  yields  are  estimated  at  two-thirds  the  value  given 
m  the  table. 

The  estimate  made  of  increase  in  net  profits  is  based  largely  upon 
observation  of  the  general  cost  of  farm  work  in  the  State.  It  may 
not  be  absolutely  accurate  in  every  particular,  but  it  serves  well  in 
bringing  out  a  comparison  of  the  common  methods  of  cultivation 
employed  with  the  more  intensive  methods  suggested  in  this  paper. 

Approximate  cost  of  cultivation  per  acre  by  the  common  method. 

First  plowing  (5  inches  deep) $1.25 

Second  plowing  (5  inches  deep) 1. 25 

Two  harrowings 20 

2.70 

Approximate  cost  of  cultivation  per  acre  by  the  improved  method. 

Double-disking  stubble $0. 50 

First  plowing  (5  inches  deep) 1. 25 

Second  plowing  (8  inches  deep) 2. 00 

Third  plowing  (4  inches  deep) 1. 25 

Three  haiTowings 30 

Rye  seed  for  green  manure 2. 00 

7.30 
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The  appFOximate  cost  of  cultivation  by  the  common  method  is 
$2.70  per  acre,  as  compared  with  $7.30  per  acre  by  the  improved 
method  suggested,  which  gives  an  increased  cost  of  $4.60  per  acre 
for  better  tillage.  As  shown  in  Table  I,  we  have  almost  doubled  the 
yield  per  acre  by  the  improved  methods.  Suppose  the  yields  given 
in  the  table  were  reduced  to  two-thirds  their  value,  as  previously 
suggested.  We  still  have  wheat,  following  ordinary  methods  of 
bare  fallow,  yielding  at  the  rate  of  19  bushels  per  acre,  while  wheat 
following  deep  plowing  and  rye  as  a  green-manure  crop  yields  at  the 
rate  of  34  bushels  per  acre.  With  wheat  at  $1  a  bushel  we  have 
at  a  cost  of  $2.70  per  acre  produced  $19  (not  deducting  cost  of 
harvest,  etc.).  By  better  methods  at  a  cost  of  $7.30  per  acre  we  have 
produced  $34  (not  deducting  cost  of  harvest,  etc.).  This  gives  an 
approximate  increase  of  net  profit  of  $10.40  per  acre  in  favor  of  the 
better  method  of  tillage. 

Cleaning  the  Land  op  Weeds. 

The  problem  of  cleaning  the  land  of  weeds  reduces  itself  to  sys- 
tematic cultivation  and  the  production  of  rapidly  growing  varieties, 
especially  as  concerns  their  early  development.  Where  cultivated 
crops  are  grown  it  is  readily  understood  that  the  problem  of  getting 
rid  of  weeds  is  not  so  difficult  as  with  wheat  crops.  Results  obtained 
lead  us  to  suggest  that  the  following  method  of  cultivation,  if  rigidlj 
enforced,  will  help  in  a  large  measure  to  reduce  the  weeds  in  wheat 
fields: 

(1)  Thoroughly  double-disk  the  land  as  soon  as  possible  after  har 
vest,  thus  stirring  the  surface,  breaking  up  the  stubble,  and  covering 
the  weed  seeds.  Then  allow  the  land  to  stand  until  the  weed  seeds 
at  the  surface  have  had  a  chance  to  germinate  after  the  first  rains. 

(2)  As  soon  as  the  weed  seeds  are  well  germinated,  plow  the  land  to 
a  depth  of  4  or  5  inches  and  harrow  well.  This  should  be  done,  ii 
possible,  not  later  than  December  15. 

(3)  Between  March  1  and  15,  plow  to  a  depth  of  from  8  to  12  inches. 
This  exposes  the  weed  seeds  not  turned  up  by  the  first  plowing. 
Harrow  the  surface  thoroughly  immediately  after  plowing.  Whethei 
a  summer  crop  is  grown  or  the  land  is  allowed  to  lie  fallow  it  should 
be  kept  well  cultivated  and  free  from  weeds. 

(4)  In  November,  plow  to  a  depth  of  from  4  to  5  inches  and  sow  the 
wheat  about  2  inches  deep. 

(5)  Just  before  the  grain  appears  through  the  surface  the  land 
should  be  thoroughly  double-harrowed  in  order  to  kill  all  weeds  which 
have  germinated  following  the  seeding  of  the  wheat. 

(6)  The  variety  of  wheat  grown  should  make  a  rapid,  erect,  earlj 
growth  in  order  that  it  may  keep  ahead  of  and  choke  out  all  the 
7oimg  weeds  which  are  not  killed  by  the  fibal  harrowing.     (Oui 
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myestigations  tend  to  prove  that  the  flat-growing  types  of  true 
winter  wheat  will  not  succeed  in  the  valley  soils  of  CaUfomia,  espe- 
cially in  their  present  condition  of  weediness.) 

(7)  The  young  grain  should  be  thoroughly  harrowed  as  soon  as  the 
ground  is  dry  enough  in  the  early  spring,  thus  covering  all  of  the 
young  weeds  which  have  started  during  the  rainy  season. 

DEVELOPMEin'  OF  BETTER   VARIETIES  OF  WHEAT. 

The  proper  cultivation  of  the  soil  is  essential  to  the  production 
of  good  yields  of  all  varieties  of  wheat.  It  does  not  follow,  however, 
that  every  variety  of  wheat  will  give  good  yields  even  on  fertile  soil 
properly  cultivated.  This  erroneous  idea  prevails  among  certain 
grain  growers.  The  United  States  Department  of  Agriculture  has 
tested  hundreds  of  varieties  of  wheat  in  different  sections  of  the 
country  and  has  foimd  that  comparatively  few  of  these  varieties  are 
adapted  to  the  prevailing  climatic  and  soil  conditions  of  each  sec- 
tion. Varieties  which  produce  good  yields  in  one  section  of  the 
country  are  found  to  be  absolute  failures  in  other  sections. 

Variett  Tests  in  California. 

Although  a  laige  number  of  varieties  of  wheat  have  been  tested 
in  California  by  this  Department  during  the  past  five  years,  veiy 
few  of  these  are  adapted  to  the  climatic  and  soil  conditions  of  this 
State.  California  presents  such  a  variety  of  climates  that  a  type 
of  wheat  which  may  give  excellent  results  in  one  section  of  the 
State  does  poorly  in  another.  Our  investigations  thus  far  are  not 
of  long  enough  duration  to  enable  us  to  state  definitely  the  variety 
of  wheat  best  adapted  to  any  particular  locality  of  the  State.  How- 
ever, the  results  indicate  that  for  the  localities  in  which  tests  have 
been  made  we  have  now  varieties  which  are  better  adapted  to  the 
prevailing  conditions  than  those  commonly  grown  by  the  farmers. 
We  are  able,  therefore,  with  a  fair  degree  of  certainty,  to  recommend 
varieties  for  a  large  portion  of  the  State. 

Table  II  presents  a  list  of  some  of  the  varieties  of  wheat  which 
have  been  grown  in  California  in  connection  with  the  investigations 
of  the  Department.  The  average  yields  to  the  acre,  the  number  of 
days  required  to  reach  maturity,  and  the  fruiting  period  (the  number 
of  days  between  the  time  of  blossoming  and  the  time  of  ripening)  are 
based  upon  the  plat  experiments  continued  for  three  years  in  the 
San  Joaquin  Valley.  The  results  obtained  from  the  same  varieties 
when  grown  in  the  Sacramento  Valley  compare  very  favorably  with 
those  indicated  in  this  table.  A  few  of  these  varieties  are  proving 
to  be  well  adapted  to  both  the  locaUties  in  which  they  have  been 
grown. 
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Table  II. — ResulU  of  variety  tests  of  wheat  in  the  San  Joaquin  Valley ,  Caltforma. 


Grain 
Investi- 
gations 

No. 


logs 

8019 
2611-2 

2921 

2986 
2210 
2227 

3018 
1437 
2988 
1697 
2397 

1506 

2398 
1442 
2246 

1693 
2236 
1597 
2989 

2873 

2888 
1970 
2991 
2964 

2963 
2236-1 

2899 

1743 
1661 
1658 
2247 

2986 

2404 


Variety. 


AUora 

Australian. 
B16Nolr.. 


Bolo  Blanco.... 
California  Gem. 

Cap  Sheaf 

Chul 


Club 

Crimean 

Dietz  Amber. 
Early  Baart.. 
Erlvan 


Fretes. 


Galgalos.. 
Kharkof.. 
Kubanka. 


Marouani 

Medeah 

M  innesota 

No.  66. 
Minnesota 

No.  163. 

Filipino 

Propo 

Purple  Straw.. 
Saumur  de 

Mars. 

Chlddam 

Selection  from 

Marouani. 
Selection  from 

Chul. 

Sonom 

Theiss 

Turkey 

Velvet  Don 

Washington 

Bluestem. 
Yantagbay 


2096     Yellow    Ghar- 

'      novka. 
2692    [Unnamed]... 


Manner  of 

eiarlv 
growth. 


Erect 

Semi-erect 
..do 


Erect 

Semi-erect 
Spreading. 
Erect 

..do 

Spreadtsg. 

..do 

Ereot 

..do 


Semi-erect 

Spreading. 

..do 

Erect... 

. .do. . . . 
..do.... 
..do.. . . 
Spreading. 

..do 

Erect.., 
Semi-erect 

..do 

. .do.... 

..do 

Erect. . . 

. . .do... . 

..do.... 
Spreading. 
..do.... 
Erect. . . 


Semi-erect 

Erect 

..do 

Spreading. 


Aver- 

Aver^ 

age 
number 
of  days 

age 
number 
of  days 

in 
fruiting 
period. 

matur- 
ing. 

180 

46 

194 

88 

161 

89 

191 

46 

198 

38 

189 

88 

187 

41 

165 

41 

199 

36 

194 

37 

162 

38 

192 

36 

193 

42 

191 

87 

193 

29 

170 

86 

186 

40 

184 

88 

196 

42 

208 

38 

202 

36 

195 

88 

192 

42 

182 

86 

190 

87 

191 

88 

178 

41 

162 

86 

186 

44 

201 

36 

199 

30 

185 

38 

170 

36 

184 

37 

186 

39 

193 

40 

Quality  of 
grain. 


Starchy 

do 

Medium 
starchy. 

Starchy 

do 

do 

Glutinous, 
spotted. 

Starchy 

do 

do 

do 

Glutinous, 

spotted. 
Medium 
starchy. 

do 

Starahv 

Glutinous, 
spotted. 

•  ■  ■  ■  •  vlU  »••••«•• 
■  •  ■  ■  ■  %U#  «••••••• 

•  ■  •  •  •  UiV  •■••••■• 

Medium 
starchy. 

Very  starchy.. 
Starchy 

•  ■  •  •  •  %Aw  ••••••■  • 

•  •  •  •  sUU  •«■••*•  ■ 

do 

Glutinous, 
spotted. 

Starchy 

do 

do 

Glutinous, 
spotted. 

Starchy 


Glutinous, 

spotted. 
do 


Starchy. 


Nonshatter- 
ing  character. 


Good 

Fairly  good 
.. .  .do 

Good 

Fair 

....do 

Very  good.. 

Good 

Fairly  good 

Fair 

Fairly  good 
Good 


Fairly  good 

Good 

Fairly  good 
Very  good 

.do. . . . 

. ...  .do.... 

do. . . . 

Fair 


—  .do.... 

Very  good, 
Fairly  good 

Fair 

Poor 


— do.... 
Very  good. 

. .. ..do.... 

Fairly  good 

.do. ... 

— do.... 
Very  good 

Fairly  good 

Very  good.. 

do 

Fairly  good 


Average 
rate  of 

yield  per 
acre. 


38.06 
86.96 
48.11 

58.39 
29.78 
32.49 
44.56 

13.98 
26.56 
25.68 
24.61 
89.74 

46.40 

84.94 
88.66 
18.82 

24.82 
39.  vv 
23.03 
29.00 

19.71 

29.41 
41.18 
44.09 
50.92 

51.06 
68.76 

46.88 

84.77 
19.68 
82.U 
28.63 

24.29 

67.28 

24.90 

41.99 


Weight 

per 

buriiel, 
1909. 


Poundi. 
61 
61 


62 

61 


59 
68 
61 
68 

61 


61 
62 
68 

63 
62 
63 
61 

60 

00 
61 
60 
60 

61 
63 

63 

64 
68 
63 
63 

61 

64 

63 

68 


Selecting  Varieties  for  California. 


In  selecting  a  variety  of  wheat  which  is  better  adapted  to  Cali- 
fornia conditions  than  the  commonly  grown  varieties  a  number  of 
matters  must  be  taken  into  consideration. 


CLIMATE  AND  SOIL. 


The  climate  and  soil  of  the  locality  in  the  State  where  the  variety 
is  to  be  tested  are  both  important  factors  limiting  the  distribution  of 
a  variety.  Some  varieties  will  do  well  on  light  soils  with  a  small 
amount  of  precipitation,  while  other  varieties  require  a  heavier  soil 
with  a  larger  amount  of  moisture. 
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The  effect  of  the  character  of  the  early  growth  of  a  variety  on  its 
struggle  with  weeds  la  very  important.  (Figs.  6  and  7.)  In  the  valley 
sections  of  California,  where  the  temperature  does  not  fall  much 
beJow  h«eztDg  during 
the  winter  months, 
T&iieties  of  vigorous, 
upright  growth  are 
Deeded  in  order  that 
they  may  keep  ahead 
of  and  choke  out  the 
weeds  that  start  at 
this  time.  Varieties 
with  aspreadiug  habit 
of  early  growth  may 
be  adapted  to  moun- 
tain sections  of  high 
elevation,  where  there 
is  a  good  deal  of  snow 
during  the  winter 
months  and  the  tem- 
perature falls  consid- 
erably below  the 
freezing  point,  thus 
preventing  weed 
growth  until  spring. 

XOKSHATTBRIKa     HABIT. 

The  nonshatteriog 
character  of  tiie  head 
of  wheat  is   a   very 
important    factor  in 
some  sections  of  Cali- 
fornia, aa  heavy  wind- 
storms   often    occur 
after  the  grain  is  ripe 
and  before  it  is  har- 
vested.    These  winds 
shatter  out  a    great 
deal  of  grain  from  varieties  which   have   not   a  very  close-fitting 
chaff.     The  method  of  harvesting  also  has  a  tendency  to  shatter  out 
much  of  the  grain  where  it  is  not  closely  held  by  the  chaff,  owing  to 
the  fact  that  the  crop  is  often  allowed  to  stand  for  weeks  after  it  is  ripe. 


FiO.  e.— Rcpnaoitatlve  pluits  of  six  vsiietln  ol  Hbeat  fron 
pUta  plaDl«d  NoTcmbcr  21,  1906,  st  Modnto,  C&l.,  iho* 
coaiftnavearvtiapniratonliij  1,  lOW:  ISM,  Freln;  161 

■  ISm,  Erlrui;  3DI9,  AuMnliuii  ZST,  Chul;  1»S,  Turkey. 
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HtLUNQ   QUAUTY. 

The  miUing  quality  is  perhaps  the  most  important  factor  to  be  con- 
sidered in  California.  On  account  of  the  poor  quality  of  the  commonly 
grown  Tarieties  the  California  millers  are  unable  to  make  good  flour 
from  these  wheats  when  using  them  alone.     Better  milling  wheat  is 

imported  from  Kan- 
sas and  other  Stat«s 
ofthelfiddleWestto 
blend  with  Califomiai 
wheat  in  the  produc- 
tion of  flour.  From 
0De>third  to  one-half 
of  the  blended  wheat 
is  made  up  of  the 
Turkey  variety.  It 
is  desired  to  make 
unnecessary  this  im- 
portation by  the  pro- 
duction in  California 
of  varieties  equally  as 
good.  The  flour  val- 
ue of  wheat  is  judged 
by  both  the  quantity 
and  the  quality  of  the 
product.  In  order  to 
produce  wheat  of  su- 
perior TnillinfT  quality 
it  is  essential  that 
varieties  be  grown 
which  wiU  give  more 
and  better  protein  to 
the  acre.  The  qual- 
ity of  the  protein  de- 
pends on  the  quality 
of  the  gluten. 

OTHBB  EBQUUITBa. 

FtO.  T.—KepnooitoUTciilutiDtdzaddlltoiulvaricUcaoIwIwattmD  Tha     aKilitv     nf     a 

nnlS>raipIat8pl»iit«lMoTeinb«ai,lOT,»tl£oderto,Cd..«howliij  ■^."*'    awmiy    oi    » 

tbdioompuatlTcdeTdopiDaitcniHarl.lWB:  ItiT.Crbneui;  IW,  Variety   tO  yield  Well 

Swunur  de  Itara;  S6U-a,  Aby«Blnl»n;  BOIB.  AortrallMi;  1M7,  B«rir  under    prOpeT    enVI- 

Burt:  2921,  Bolo  Blanco;  23M,  Omlnlo*.  ^      K 

ronment,  the  posses- 
sion of  a  stiff  or  a  weak  straw,  and  the  presence  or  absence  of  beards 
are  all  factors  that  need  no  further  explanation,  but  must  atl  be  con- 
sidered in  the  selection  of  a  variety.  Rust  resistance  is  an  important 
factor,  especially  in  the  coastal  sections  of  California.  Beardless 
varieties  are  often  desired  by  the  grower,  as  he  may  wish,  on  account  of 
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occasional  seasonal  disadvantages,  to  cut  the  crop  for  hay  instead  of 
allowing  it  to  stand  for  grain.  In  such  a  case  beardless  wheats  may  be 
of  more  value  than  bearded  ones,  though  this  is  not  an  important  matter. 

Seed  Improvement  bt  the  Grower. 

It  is  very  important  that  the  grain  growers  of  California  practice 
better  methods  of  seed  selection. 

SMALL  COMPARED   WITH   LARGE   SEED. 

The  idea  which  prevails  among  some  growers  that  small,  light  seed 
will  produce  as  good  crops  as  large,  heavy  seed  is  erroneous.  In  some 
instances,  under  very  favorable  conditions  and  if  sown  at  the  same  rate 
to  the  acre  according  to  weight,  the  small,  light  grains  produce  as 
heavy  yields  as  the  lai^e,  heavy  grains,  but  the  grain  is  of  an  inferior 
grade.  The  reason  for  the  equality  in  yield  to  the  acre  is  largely  due 
to  the  fact  that  in  the  case  of  the  seeding  of  small,  light  grains  there 
are  many  more  plants  to  a  given  area  than  when  it  is  seeded  with  an 
equal  weight  of  large,  heavy  grains  of  the  same  variety. 

Heavy,  plump  grain  produces  stronger  and  more  vigorous  plants 
than  light,  shriveled  grain.  The  reason  for  this  is*  that  the  plump 
grain  contains  a  lai^er  amount  of  food  for  the  very  young  plant.  The 
light,  shriveled  grain  produces  weak  plants.  This  is  a  fact  well  under- 
stood by  all  who  are  endeavoring  to  improve  their  crops  by  careful  and 
practical  selection  of  seed. 

It  behooves  the  grain  grower,  then,  to  have  at  his  disposal  a  good 
fanning  mill  with  which  he  can  grade  his  seed,  blowing  out  all  light, 
shriveled  grain  and  separating  the  large  grains  from  the  small.  An- 
other advantage  in  the  use  of  the  fanning  mill  is  the  separation  of  the 
weed  seed  from  the  wheat. 

THE   SEED   PLAT. 

A  practical  method  of  improvement  of  seed,  which  should  be  used 
by  every  wheat  producer  in  California,  is  what  is  known  as  the  seed 
plat.  This  method  is  simple  and  easily  applied.  First,  select  from 
the  general  field  at  ripening  time  a  large  quantity  of  good  heads 
of  a  single  desirable  form.  Only  heads  from  the  best  plants  should 
be  selected,  and  they  should  be  from  places  where  the  soil  is  uni- 
form with  other  parts  of  the  field  and  not  from  an  especially  fertile 
spot  or  at  the  edge  of  the  field.  The  heads  should  be  thrashed  by 
hand  and  the  seed  sown  on  well-prepared  land  free  from  volunteer 
Krain.  This  crop  should  be  harvested  and  thrashed  separately  from 
the  main  crop,  care  being  taken  that  the  machinery  used  is  free 
from  all  other  grains  which  might  cause  a  mixture.  The  first  por- 
tion thrashed  should  be  rejected,  as  it  is  most  likely  to  contain  such 
a  mixture.  The  grain  from  the  seed  plat  should  be  used,  as  far  as 
it  will  go,  for  the  general  crop  the  succeeding  year.  If  there  is  a 
considerable  acreage  it  may  be  necessary  to  continue  the  seed  plat  for 
a  second  year  in  order  to  obtain  sufficient  seed  for  the  main  crop.  In 
order  to  eflFect  permanent  improvement  the  grower  should  make  these 
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selections  of  the  best  heads  every  year  and  sow  them  on  the  seed  plat 
as  su^ested. 


Of  the  many  new  varieties  of  wheat  tested  for  yield  and  nitrc^en 
content,  the  Chul  (G.  I.  No.  2227}  and  the  Fretes  (G.  I.  No.  1596)  have 
proved  superior  to  the  White  Australian  and  Club  varieties  grown 
in  the  San  Joaquin  and  Sacramento  valleys  and  are  recommended 
for  trial  by  farmers. 

THE  CHUL   VARIETY. 


Chul  wheat  (%.  8)  was  received  by  the  OfBce  of  Seed  and  Plant 
Introduction,  December  1,  1902,  from  Dzhizak,  a  town  about  100 


FiQ.  S.— Chill  wheat  (Q.  I.  No.  2227)  growliig  at  Uod«sUi,  Cal.,  In  IflOD.    Ytdd  to  the  acre,  63.33  biubrb. 

miles  north  of  Samarkand,  Turkestan.  It  was  obtained  through 
the  Samarkand  representatives  of  Mr.  H.  W.  Durrschmidt  by  Mr. 
E.  A.  Bessey,  of  the  Bureau  of  Plant  Industry,  August  30,  1902. 
The  following  notes  concerning  it  were  secured  by  Mr,  Bessey: 

Chul  h  growa  on  Ihe  steppce  of  Russia  without  irrigation.    The  gnune  are  hard, 
but  it  ia  not  a  durum  wheat.    This  variety  yields  two  harveBte  a  year,  for  it  can  be 

a  Bulletin  66,  Bureau  of  Plant  Induetry,  U.  S.  Dept.  of  Agriculture,  1905,  p.  250. 
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sown  as  either  a  winter  or  spring  wheat.  If  the  former,  the  harvest  comes  in  July; 
if  the  latter,  the  harvest  comes  in  September.  If  sown  in  the  spring,  it  is  sown  just  as 
soon  as  the  snow  melts.  The  spring  sowing  is  most  certain  to  yield  a  good  crop,  for  the 
bH  sowing  must  depend  upon  the  rather  uncertain  snows.  This  seed,  however,  is 
from  the  fall-sown  seed.  It  is  selected  from  over  1,000  poods  offered  for  sale,  and  is 
remarkably  clean  and  free  from  foreign  seeds  for  this  region. 

Introduction  into  California. 

Seed  of  Chiil  wheat  was  first  distributed  by  the  United  States  De- 
partment of  Agriculture  in  1903  to  a  few  farmers  in  CaUfomia.  Since 
1903  small  quantities  have  been  sent  out  from  time  to  time  for  the  pur- 
pose of  testing  its  adaptability.  In  1904  and  1905  a  variety  test  was 
commenced  in  Stanislaus  and  Sutter  counties.  This  test  was  in  direct 
charge  of  an  officer  of  the  Department ,  and  has  continued  up  to  the 
present  time.  A  limited  distribution  of  improved  seed  of  California- 
grown  Chul  wheat  has  been  made  to  reliable  farmers  who  are  desirous 
of  improving  the  yield  and  quality  of  their  crop. 

Description. 

The  Chul  is  an  early,  erect,  and  vigorous  variety  which  may  be 
sown  as  late  as  February  15  and  mature  a  good  crop.  It  grows  to  a 
height  of  from  2J  to  4  feet  and  stools  freely.  The  heads  are  medium 
long,  tapering,  and  bearded.  This  variety  has  a  very  close-fitting 
chaff  and  does  not  shatter  readily.  As  originally  introduced  it 
contained  two  forms,  the  one  having  white  chaff,  while  the  other 
produces  red  chaff.  The  kernels  are  large,  long,  and  translucent  in 
character.  They  are  harder  and  more  glutinous  than  those  of  the 
White  Australian  wheat.  As  priginally  introduced  there  were  also 
two  types  of  kernels,  the  one  type  being  amber  in  color,  the  other 
dark  red  or  reddish  amber. 

A  separation  of  the  red  chaff  form  was  made  in  1905  at  the  De- 
partment's Plant  Introduction  Garden  at  Chico,  Cal.  Since  that 
time  the  Department  has  separated  the  two  forms  represented  by 
both  colors  in  the  original  seed.  This  has  been  done  by  starting 
with  single  plants  which  were  each  characteristic  of  the  form  desired. 

Yields  Obtained. 

Veiy  promising  results  have  been  reported  from  California  to  this 
Department  by  farmers  who  have  given  Chul  wheat  a  trial.  In 
variety  tests  made  by  the  Department  it  has  made  a  very  favorable 
showing,  excelling  the  commonly  grown  varieties  in  yield  to  the  acre 
in  some  sections  of  the  State. 

The  average  yield  to  the  acre  of  Chul  wheat  for  1907,  1908,  and 
1909,  as  compared  with  the  White  Australian,  is  as  follows: 

Chul  (G.  I.  No.  2227) 44.5  bushels. 

Australian  (G.  I.  No.  3019) 35.9  bushels. 
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Milling  Quality. 

The  milling  quality  of  Chul  wheat  is  superior  to  that  of  either  the 
Club  or  the  White  Australian  wheat,  and  for  this  reason  this  variety 
is  of  much  value^to  the  State  of  California.  As  previously  shown,  th.e 
common  California  wheats  do  not  in  themselves  produce  a  high 
grade  of  flour. 

The  Department- has  made  milling  and  baking  tests  of  Chul  and 
White  Australian  wheats  grown  at  Modesto,  Cal.,  in  1908.  The 
results  of  this  test  indicate  that  Chul  wheat  produces  from  100 
pounds  of  grain,  about  10  pounds  more  flour  than  the  Australian, 
and  that  it  mills  very  much  like  Turkey  wheat.  The  flour  from  the 
Chul  is  darker  than  that  from  either  Australian  or  Fretes  wheat, 
which  in  itself  indioates  that  the  Chul  variety  is  stronger  in  gluten. 

In  the  baking,  test  Chul  flour  required  more  water  to  the  loaf  than 
that  of  the  Australian  variety  and  produced  loaves  of  fair  color  and 
texture. 

In  August,  1909,  the  Oakdale  Milling  Company,  Oakdale,  -Cal. 
made  a  miUing  test  of  Chul  wheat,  crop  of  1909,  grown  at  Modesto, 
Cal.  This  test  gave  55  per  cent  wet  gluten  for  the  Chul,  while  sunilar 
tests  showed  only  10  to  38  per  cent  in  the  White  Australian.  Mr. 
Haslacher,  manager  of  this  compaily,  was  very  enthusiastic  over  this 
variety  and  anxious  that  farmers  should  secure  seed. 

•  « 

THE   FRElTBS   VARIETY. 
Origin  and  History  « 

Seed  of  Fretes  wheat  (fig.  9)  was  received  by  the  Office  of  Seed 
and  Plant  Introduction  of  the  United  States  Department  of  Agri- 
culture on  September  26,  1901,  from  El-Outaya,  Constantine,  Algeria. 
It  was  obtained  by  Messrs.  D.  G.  Fairchild  and  C.  S.  Scofield,  who 
make  the  following  notes  on  it: 

ThiH  variety,  sometimes  called  Freitiss,  is  one  of  the  few  soft  wheats  grown  in 
Algeria.  It  is  particularly  noted  for  its  early  maturity  and  -is  often  extensively 
planted  in  the  Sahara  Desert  in  seasons  when  the  winter  rains  occur  so  late  that  the 
durum  varieties  usually  grown  would  not  have  time  to  mature.  WTien  planted  in 
November,  as  it  is  in  Algeria,  at  the  same  time  with  durum  varieties,  it  is  said  to  ripen 
two  months  in  advance  of  them.  Th^  s^ed  obtained  was  grown  on  the  rather  salty 
desert  sands  in  the  vicinity  of  El-Outaya,  north  of  Biskra,  and  watered  with  somewhat 
alkaline  but  still  drinkable  irrigation  water.  The  variety  is  said  to  have  originated 
from  a  shipment  of  Russian  wheat  which  was  made  into  Algeria  at  the  time  of  a  famine 
many  years  ago.  Its  early-matmring  qualities  attracted  attention,  and  it  has  been 
cultivated  in  small  quantities  by  the  Arabs  ever  since.  The  seed  obtained  is  from  the 
farm  of  Mr.  Charles  B.  des  Places. 


o  Bulletin  66,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  1905,  p.  151. 
178 


'  .'.  "twahew  vabieties  adapted  to  calrtobota,  27 

Descriftion. 

Fretes  wheat  is  an  early,  erect,  vigorous  *&f  iety  and  should  be  sown 
Dot  later  than  December  15.  It  grows  to  a  height  of  from  3  to  4^ 
feet  and  stools  well.  -  The  heads  are-ef  medium  length,  tapering,  and 
bearded,  with  white  chaff/  ■  Thechaff  ofFretea  wheat  does  not  inclose 
the  grain  as  closely  as  that.of  the  Chulyafiety,  but  still  holds  the  seed 
fjiirly  well, .  The  kernels  are  medium  large  and  pjump,  of  ipedium 
length,  and  a*  reddish-amber  color.     They  are  softer  than' those  of 


Fm.  g.— Fratoa  wtiat  (O.  I.  No.  ISM)  growing  ul  UodeiCo,  Cal.,  In  1W9.    YlcL>l  lo  Ihc  ure,  m  bii!>'ifl  . 

Chul  wheat.     Single-plant  selections  have  been  made  wliich  are  very 
promising. 

Yields  Obtained. 

Fretes  wheat  was  distributed  by  the  Department  to  a  few  farmers  in 
California  as  early  as  1902,  and  very  good  reports  on  its  adaptability 
have  been  received.  In  1904  and  1905  tJie  Department  commenced  a 
variety  test  of  this  wheat  on  the  experimental  grounds  in  Sutter  and 
Stanislaus  counties.  The  observations  made  on  the  adaptability  of 
this  wheat  to  CaUfomia  conditions  indicate  that  it  will  produce  a 
larger  yield  to  the  acre  tlian  either  the  Wliite  Australian  or  Club 
wheats  and  that  it  is  superior  as  a  milling  wheat. 
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The  averse  yield  to  the  acre  of  Fretes  wheat  at  Modesto,  Cal.,  foi 
1907. 1908,  and  1909,  as  compared  with  the  White  Australian  (fig.  10) 
is  as  follows: 

Fretefl(G.  I.  No.  1596) 46.5  bushels. 

AuBtralian  (G.  I.  No.  3019) 35.9buahelB. 

MiLUNo  Quality. 

Milling  tests  of  this  variety  have  been  made  by  the  United  State 
Department  of  Agriculture  and  by  the  Oakdale  Milling  Company,  A 
a  result  of  the  test  of  the  grain  grown  in  California  during  1908,  mad 
by  the  Department's  laboratory  at  Fargo,  N.  Dak.,  we  find  thi 
variety  superior  to  the  Club  as  a  flour  producer.  It  is  also  slight!; 
superior  to  the  White  Australian.     In  this  test  it  was  discovered  tha 


Pia.  10.— White  AuBtraUao  wheat  (0. 1.  No.  3O10)  growliig  at  Uodoto,  Cal.,  In  1W9.    Yield  to  the  hi 

there  was  a  sliglit  increase  in  the  quantity  of  flour  produced  from  IC 
pounds  of  the  Fretes  over  that  produced  from  the  same  quantity  < 
Australian  wheat.  It  milled  very  much  Uke  the  Australiao.  A] 
proximately  the  same  quantity  of  water  was  required  to  produce 
loaf  of  bread  made  from  this  flour  as  from  the  Australian.  The  toavi 
were  slightly  smaller  but  heavier  tlian  those  baked  from  the  Australia) 
The  color  and  texture  were  fairly  good.    As  with  the  Chul  wheat, 
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milling  test  of  the  1909  crop  of  the  Fretes  was  made  by  the  Oakdale 
Milling  Company,  Oakdale,  Cal.  This  test  indicated  that  the  Fretes 
milled  easily.  It  also  possessed  a  40  per  cent  wet-gluten  content  as 
compared  with  the  Australian  samples  received  and  tested  by  the 
company,  which  contained  from  10  to  38  per  cent  of  wet  gluten. 

PUKE   SEED   OP  THE   CHUL  AND   FBETES   VARIETIES. 

From  the  foregoing  facts  there  can  be  little  doubt  that  the  improved 
types  of  the  Chul  and  Fretes  varieties  are  of  great  value  to  Califomia. 
Much  care,  however,  should  be  exercised  by  the  growers  in  securing 
pure  seed. 

It  is  reported  that  Chul  wheat  is  being  grown  in  quantity  by  a  few 
fanners  in  the  Sacramento  Valley  from  seed  introduced  into  Califomia 
by  the  United  States  Department  of  Agriculture  in  1903.  It  is  also 
reported  that  this  wheat  is  used  to  good  effect  in  blending  with  the 
Gonmion  wheats  in  the  production  of  flour.  Samples  of  the  1909  crop, 
which  have  been  received,  show  that  this  wheat  is  mixed  with  other 
varieties.  This  is  probably  due  to  lack  of  care  on  the  part  of  growers 
in  keeping  the  variety  pure.  This  mixture  is  an  inferior  grade  of  seed 
and  is  not  desirable  for  the  farmer  wishing  to  start  with  pure  seed  of 
tlie  Chul  variety. 

The  Office  of  Grain  Investigations  of  the  Bureau  of  Plant  Industry 
can.usually  supply  small  quantities  of  pure  seed  of  these  and  other 

PROTEIN  CONTENT  AS  AFFECTED  BY  TIME  OF  SEEDING. 

Observations  in  Califomia  indicate  that  the  length  of  the  growing 
fruiting  periods  of  a  variety  of  wheat  controls,  to  a  considerable 
the  percentage  of  protein  contained.  Long  growing  and 
ftlBting  periods  produce  grains  lower  in  protein  content  than  short 
and  fruiting  periods.  An  effort  was  made  during  the  past 
to  determine  the  effect  of  the  length  of  these  periods  upon  the 
protein  content  of  the  Chul  and  Fretes  varieties  sown  early  and  late. 
Hie  results  obtained  are  given  in  Table  III. 

Tablb  III. — Effect  of  the  length  of  growing  and  fruiting  perUxU  on  the  protein  content 

of  the  Chul  and  Fretes  wheat  varieties. 


Gnin  Investigations  No. 


1505. 

uae. 


Variety. 


Chul.. 

do. 

Fretes. 
do. 


Leneth 
growing 

LenKth 
fniiting 

Protein.a 

period. 

period. 

Days. 

Days. 

Per  cent. 

171 

AKy 

11.06 

151 

41 

12.43 

177 

45 

10.04 

152 

40 

14.08 

Yield  to 
the  acre. 


Buihelt. 
53.33 
52. 8U 
56.00 
45.53 


«  Tlie  pecoentages  of  protein  were  obtained  by  multiplying  the  percentage  of  nitrogen  by  5.7. 
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As  indicated  in  Table  III,  a  higher  percentage  of  protein  is  pro 
duced  in  a  short  growing  and  fruiting  period  than  in  a  long  period 
The  yields  of  Chul  wheat  are  nearly  equal,  while  there  is  some  diffep 
ence  in  those  of  the  Fretes.  In  order  to  shorten  the  periods  and  pra 
duce  grain  rich  in  protein,  the  seeding  should  be  done  as  late  m 
possible  in  the  fall.  The  Chul  variety  is  especially  adapted  to  lat< 
seeding  for  the  reason  that  it  is  a  vigorous  grower  and  ripens  early 
Excellent  results  have  been  obtained  from  the  Chul  when  sown  82 
late  as  February  25,  but  usually  the  seeding  should  be  done  between 
November  15  and  December  25.  The  Fretes  seed  should  be  in  the 
ground  by  December  15.  The  above  dates  refer  to  the  time  of  seed- 
ing in  the  San  Joaquin  Valley.  These  wheats  may  be  sown  a  montl 
later  in  the  Sacramento  Valley  and  still  give  good  results  under  ordi- 
nary conditions. 

STJIOCABY. 

Wheat  yields  in  California  are  low  and  the  quaUty  poor.  Experi- 
ments have  been  conducted  to  discover  the  causes  and  remedies. 
Two  remedies  are  proposed  in  this  bulletin,  namely,  better  cultiva- 
tion methods  and  better  varieties. 

The  cultivation  methods  conmionly  practiced  by  the  wheat  farmers 
of  CaUfomia  are  unsatisfactory.  They  consist  in  the  continuous 
cropping  of  wheat  and  barley  upon  soil  which  receives  only  a  very 
shallow  cultivation. 

The  farmer  removes  the  plant  food  from  the  soil  without  adding 
anything  to  take  its  place.  This  is  resulting  in  many  localities  in  a 
depleted  condition  of  the  soil  and  in  unprofitable  crops. 

When  wheat  was  at  first  produced,  good  crops  were  secured  by 
very  shallow  plowing,  broadcasting  the  seed,  and  harrowing  it  into 
the  soil.  Very  little  attempt  was  made  to  seciire  pure  seed  or  to 
practice  the  careful  grading  of  wheat. 

Some  important  changes  have  taken  place,  among  which  are  (1) 
the  replacing  of  the  header  and  stationary  thrasher  by  the  combmed 
harvester  and  (2)  the  practice  of  summer-fallowing  the  land.  A 
reduced  size  of  farms  and  an  increased  depth  of  plowing  occur  in 
individual  instances. 

In  many  sections  of  the  State  there  has  resulted  from  the  original 
methods  a  soil  depleted  in  humus  and  nitrates  and  foul  with  weeds, 
which  fails  to  produce  profitable  crops.  There  are  three  chief 
requirements  in  restoring  the  production  of  profitable  crops.  Tliese 
are  (1)  smaller  farms,  personally  supervised;  (2)  improved  methods, 
including  deeper  plowing,  increasing  the  humus  and  nitrates  of  the 
soil,  and  cleaning  the  land  of  weeds;  and  (3)  the  development  of 
better  varieties, 
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SUMMARY.  31 

Soil  humus  and  nitrates  are  easily  increased  by  turning  under 
green-manure  crops.  Crops  proving  to  be  of  value  as  green  manure 
are  Canadian  field  peas  and  Abruzzes  rye.  Green-manure  crops 
should  not  be  sown  later  than  December  15.  The  stubble  should  be 
double-disked  inunediately  after  the  wheat  crop  is  harvested,  fol- 
lowed by  a  shallow  plowing  as  early  as  possible  in  the  fall.  These 
crops  should  be  turned  under  during  early  March  before  the  soil  is 
too  dry  for  deep  plowing,  which  is  necessary  in  order  to  get  the 
growing  peas  and  rye  well  under,  after  which  the  soil  should  be  har- 
rowed immediately. 

The  good  effect  of  deep  plowing  and  green  manuring  is  proved  in 
actual  experiment  by  increased  yields  and  profits. 

A  method  of  cultivation  whereby  the  land  may  be  cleaned  of  weeds 
should  be  employed. 

A  lai^e  number  of  wheat  varieties  have  been  tested  in  California  in 
au  attempt  to  find  better  ones.  Factors  entering  into  the  selection 
of  varieties  for  California  are  the  climate  and  soil  of  the  locality 
where  the  variety  is  to  be  tested,  the  habit  of  growth  of  the  variety, 
its  nonshattering  character,  milling  quality,  yield,  strength  of  straw, 
the  presence  or  absence  of  beards,  and  rust  resistance. 

It  is  important  that  grain  growers  practice  better  methods  of  seed 
selection.  The  seed  should  be  graded  with  a  fanning  mill.  A  prac- 
tical method  of  improvement  is  the  use  of  what  is  known  as  the  **see<l 
plat." 

The  Chul  and  Fretes  wheats  are  new  varieties  adapted  to  California 
conditions.  In  some  sections  of  the  State  these  wheats  have  excelled 
the  commonly  grown  varieties  in  yield  to  the  acre. 

Milling  and  baking  tests  of  the  Chul  and  Fretes  varieties  have  been 
made  which  indicate  that  they  are  superior  to  Australian  and  Club 
wheats  in  these  respects. 

Much  care  should  be  exercised  by  the  growers  in  securing  pure 
seed  of  these  wheats. 

Observations  indicate  that  the  length  of  the  growing  and  fruiting 
periods  of  a  variety  of  wheat  controls  to  a  considerable  degree  the 
percentage  of  protein  contained.  Short  growing  and  fruiting  periods 
produce  grain  with  a  high  percentage  of  protein. 

The  Chul  and  Fretes  varieties  are  adapted  to  comparatively  late 
seeding,  which  is  favorable  to  a  high  percentage  of  protein  in  the 
grain  produced. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  op  Agriculture, 

Bureau  op  Plant  Industry, 

Ofpice  op  the  Chief, 
Washington,  D.  C,  February  26, 1910. 

Sm:  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
publication  as  Bulletin  No.  179  of  the  series  of  this  Bureau  the 
accompanying  manuscript,  entitled  ''The  Florida  Velvet  Bean  and 
Related  Plants,"  prepared  by  Messrs.  C.  V.  Piper,  Agrostologist  in 
Charge,  and  S.  M.  Tracy,  Special  Agent,  Forage-Crop  Investigations. 

This  paper  points  out  an  interesting  example  of  the  confusion  that 
exists  in  the  botany  of  the  cultivated  plants,  which  has  in  this  par- 
ticular case  brought  about  the  neglect  of  a  nimiber  of  valuable  sorts 
reUted  to  the  Florida  velvet  bean.  Two  of  these  species  possess 
decided  elements  of  superiority  and  will  without  doubt  result  in  ex- 
tending far  to  the  northward  the  culture  of  this  crop,  as  well  as  in 
greatly  increasing  its  importance.  This  paper  discusses  nine  of  the 
species  that  have  been  studied,  but  is  to  be  considered  a  preliminary 
rather  than  an  exhaustive  publication. 

The  authors  desire  to  acknowledge  the  helpful  suggestions  and 

assistance  rendered  them  by  Mr.  W.  F.  Wight,  Botanist,  of  this  Bureau. 

Respectfully, 

G.  H.  Powell, 

Acting  Chief  of  Bureau, 
Hon.  James  Wilson, 

Secretary  of  AgricvUure, 
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THE  FLORIDA  VELVET  BEAN  AND  RELATED 

PLANTS. 


INTBODUCnON. 

For  about  fifty  years  the  Florida  velvet  bean  has  been  known  in 
Florida,  and  in  the  last  twenty  years  has  become  of  increasing  agri- 
cultural importance.  Its  early  history  has  been  told  by  Mrs.  K.  S. 
Bort  in  Bulletin  No.  141,  Part  III,  of  the  Bureau  of  Plant  Industry. 

The  Florida  velvet  bean  is  principally  grown  on  account  of  its 
extreme  vigor  and  the  lai^e  quantity  of  pods  which  it  produces  per 
acre.  The  plants  are  nearly  always  utilized  by  pasturing  to  stock, 
cattle  being  turned  into  the  fields  in  November  and  finishing  on  the 
velvet  bean  in  good  condition  for  marketing. 

The  Florida  velvet  bean  is  a  long-season  crop,  and  even  in  Florida 
has  to  be  planted  early  in  the  spring  in  order  to  mature  its  seed.  On 
this  account  an  earlier  variety  has  long  been  a  desideratum,  especially 
if  along  with  earliness  can  be  secured  a  greater  production  of  seed  per 
acre.  For  various  reasons  the  fact  that  there  are  other  kinds  of 
Stizolobium  closely  related  to  the  Florida  velvet  bean  has  been  over- 
looked by  American  agronomists,  though  at  least  three  such  species 
from  India  and  Java  were  long  ago  described.  Apparently  none  of 
these,  however,  were  introduced  for  trial  in  Florida  until  1907. 

In  September,  1906,  there  were  received  from  Dr.  J.  W.  Hart, 
Piracicaba,  Brazil,  seeds  of  a  species  of  Stizolobium  (S.  P.  I.  No.  19181) 
which  diflFered  from  the  Florida  velvet  bean  in  having  coal-black, 
shining  seeds,  and  in  February,  1907,  another  species,  with  white  seeds, 
was  received  from  Mr.  W.  S.  Lyon,  Manila,  P.  I.,  under  the  name  of 
Mucuna  lyonii  Merrill.  These  two  lots  were  grown  in  1907  and  since. 
After  their  receipt  it  seemed  to  be  wise  to  endeavor  to  get  together  all 
of  the  other  species  of  this  genus  in  the  hope  of  finding  varieties  that 
would  prove  earlier  or  otherwise  more  valuable  than  the  Florida  velvet 
bean.  In  the  three  years  during  which  this  effort  has  been  made,  with 
the  assistance  of  the  Office  of  Foreign  Seed  and  Plant  Introduction, 
twenty  sorts  distinct  at  least  as  to  seed  characters  have  been  obtained. 
Not  only  have  these  varieties  indicated  that  there  are  greater  possi- 
bilities in  this  group  of  plants  than  had  been  supposed,  but  an  exceed- 
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ingly  interesting  botanical  problem  has  been  disclosed,  as  there  are 
clearly  more  species  than  had  been  recognized  by  botanists. 

Until  the  publication  of  the  paper  previously  mentioned,**  the 
Florida  velvet  bean  had  been  known  in  this  country  under  the  name 
of  Mucuna  utiLis.  Mrs.  Bort  showed  clearly  that  it  could  not  be 
the  plant  originally  described  under  that  name,  nor  could  it  be 
identified  with  any  other  described  species.  On  this  account  she 
named  and  described  the  plant  as  a  new  species,  Stizolohium  deeringia' 
num.  She  also  emphasized  the  fact  that  the  Florida  velvet  bean  and 
allied  plants  constitute  a  distinct  genus  from  Mucuna,  pointing  out 
that  the  genus  Mucuna  consists  of  perennial  plants  with  woody  stems 
and  with  a  band-like  hilum  that  extends  two-thirds  of  the  'way 
around  the  seed,  or  more,  while  the  genus  Stizolobium*  consists  of 
plants  essentially  annual,  with  an  oblong-crateriform  hilum  to  the 
seed.  She  further  stated  that  Mucuna  in  germination  is  hypogeous, 
while  Stizolohium  is  epigeous.  This  last  statement  is  incorrect,  as 
both  are  hypogeous.  There  is  a  pronounced  difference,  however,  in 
the  germination.  In  Stizolohium  the  first  leaves  above  the  cotyledons 
are  a  pair  of  petioled  leaves  having  solitary  cordate  leaflets,  which 
immediately  are  followed  by  the  typical  alternate,  trifoliate  leaves  of 
the  plant.  In  Mucuna,  on  the  contrary,  the  initial  leaves  are  all 
alternate,  very  much  reduced,  and  scale-like.  These  differences  are 
well  shown  in  Plate  I,  where  the  germination  of  Mucuna  Iceyensia  is 
contrasted  with  that  of  Stizolohium  Jidssjoo. 

Of  the  20  forms  of  Stizolohium  obtained,  10  have  been  grown  to 
maturity  for  one  year  or  more  in  the  field,  and  several  others  in  the 
greenhouse.  The  field  work  has  been  conducted  principally  at  Biloxi, 
Miss.,  and  in  cooperation  with  the  Florida  Agricultural  Experiment 
Station  at  Gainesville,  Fla.  In  addition,  large  quantities  of  seeds  of 
the  Lyon  bean  (S.  P.  I.  No.  19979)  and  considerable  quantities  of  the 
fleshy-pod  bean  (S.  P.  I.  No.  21094)  and  of  the  Mauritius  or  Bengal 
bean  (S.  P.  L  No.  21300)  have  been  distributed  for  field  testing. 

The  characters  by  which  the  different  species  of  Stizolohium  are 
distinguished  are  principally  in  the  pods  and  seeds;  otherwise  the 
species  are  much  alike  both  in  habit  and  foUage.  Slight  differences 
occur  in  the  leaves  and  flowers,  which,  however,  are  not  conspicuous. 
It  is  probably  due  to  the  fact  that  most  herbarium  material  does  not 
contain  mature  pods  that  the  distinctness  of  the  species  has  not  before 

o  Bulletin  141,  pt.  3,  Bureau  of  Plant  Industry,  1909. 

&  The  genus  Stizolobium  was  first  published  by  Patrick  Browne  (The  Civil  and 
Natural  History  of  Jamaica,  1756,  p.  290)  and  based  upon  the  species  now  known  as 
Stizolohium  prurieiiSf  the  common  co witch.  The  seed  characters  by  which  Stizolo- 
bium is  distinguished  from  Mucuna  have  been  clearly  pointed  out  by  Prain  (Jour- 
nal of  the  Asiatic  Society  of  Bengal,  n.  s.,  vol.  66,  1897,  p.  404.) 
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GENERAL,  CHABACTEB  OF   THE  GENUS  STIZOLOBIUM.  9 

been  recognized  by  botanists.  There  is  also  a  considerable  range 
as  respects  the  life  period  of  the  species,  some  being  much  earlier 
than  the  Florida  velvet  bean  and  others  much  later. 

The  pod  differences  are  displayed  in  diflFerences  of  size,  of  shape, 
of  ridges  on  the  valves,  and  especially  in  the  character  of  the  pubes- 
cence. The  latter  character  in  the  various  forms  is  such  that  it 
seems  impossible  to  refer  them  to  a  single  species,  as  in  no  genus  of 
legumes  known  to  us  do  we  find  differences  of  this  kind  in  agricultural 
varieties  known  to  be  such.  Furthermore,  these  plants  never  seem 
to  have  been  cultivated  sufficiently  to  give  rise  to  series  of  varieties 
such  as  are  found  in  most  cultivated  legumes.  A  number  of  the 
species  have  been  cultivated  to  a  slight  extent  by  the  Hindus.  An- 
other species,  Stizolobium  velutinum  (Hassk.)  (Mucuna  velutina 
Hassk.),  seems  to  be  more  or  less  extensively  cultivated  in  Java. 
In  this  species  Hasskarl  mentions  six  varieties  differing  in  seed 
characters,  but  calls  attention  to  no  pod  differences.  The  evidence 
at  hand  does  not  yet  justify  us  in  deciding  whether  all  of  these  are 
really  garden  varieties  or  distinct  species,  but  the  latter  conclusion 
best  coincides  with  the  facts  thus  far  ascertained.  Still  another 
species,  Stizolobium  hdssjoOy  is  said  to  be  extensively  cultivated  in 
Yezo,  the  north  island  of  Japan.  This  last  is  by  far  the  earliest 
form  yet  obtained  and  will  doubtless  mature  its  seed  as  far  north  as 
Tennessee  and  North  Carolina.  From  a  single  season^s  experience 
it  seems  to  possess  unusual  merit  and  will  probably  come  into  exten- 
sive cultivation,  especially  for  growing  with  corn. 

Detailed  notes  setting  forth  the  present  knowledge  of  the  differ- 
ent forms  is  given  in  connection  with  each  species. 

OBNEBAIi  CHABACTBB  OF  THE  GENTTS  STIZOLOBITTH. 

All  of  the  stizolobiums  thus  far  grown  are  large,  annual,  much- 
branched,  twining  herbs,  the  stems  twining  in  an  opposite  direction 
from  the  hands  of  a  watch;  leaves  trifoliate,  with  large  membrana- 
ceous leaflets  shorter  than  the  petiole;  leaflets  ovate,  the  lateral  ones 
oblique,  all  mucronat«,  and  attached  by  short,  fleshy,  very  pubescent 
petiolules;  stipules  small  and  lanceolate;  stipels  bristle-like;  flowers 
m  pendent,  usually  long  racemes,  the  flowers  mostly  in  groups  of 
three;  mature  pods  black,  pubescent,  marked  with  one  or  more  lon- 
gitudinal ridges,  or  these  rarely  obscure  or  wanting. 

From  an  economic  standpoint,  the  species  of  Stizolobium  may  be 
divided  into  two  groups,  those  which  have  abundant  long  stinging 
hairs  on  the  pods  and  those  which  have  few  or  no  stinging  hairs. 
The  former  also  have  stinging  hairs  on  the  calyx.  In  the  former 
category  are  to  be  placed  Stizolobium  pruriens  (L.)  Medic.  {Dolichos 
pruriens  L.),  the  cowhage  or  co witch,  the  type  of  the  genus  which  is 
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native  to  the  East  Indies  but  which  also  occurs  now  in  Jamaica  and 
other  West  Indian  Islands,  probably  as  an  introduction;  Stizclobium 
pruritum  (Mucuna  prurita  Hook,  in  Wight  and  Amott,  Prodromus 
Florae  Indise  Peninsulse  Orientalis,  1834,  vol.  1,  p.  255);  and  Stizdo- 
Hum  hirsutum  (W.  and  A.)  Kuntze  (Mucuna  hirsuta  Wight  and 
Amott,  op.  cit.,  p.  254),  both  of  the  latter  native  to  India.  Only  one 
of  these  species  with  stinging  hairs  on  the  pods  has  matured  in  our 
trials,  namely,  S.  P.  I.  No.  25263,  Stizotobium  pruriens  (?).  None 
of  these  species  with  stinging  hairs  can  be  utilized  as  forage  crops, 
but  they  have  been  grown  with  the  idea  of  ascertaining  their  rela- 
tionship to  the  more  valuable  forms. 

All  of  the  stizolobiums  possess  something  in  the  juice^  especiallj 
in  the  green  pods,  which  rapidly  turns  black  on  exposure  to  air.  This 
substance  blackens  the  hands  and  clothing  of  workmen  cutting  vel- 
vet beans  for  hay,  which  is  occasionally  done.  It  also  causes  th< 
dried  flowers  and  pods  to  become  black,  and  does  the  same  to  th< 
seeds  of  white-seeded  varieties,  especially  if  gathered  too  green  oi 
where  they  press  upon  each  other. 

Botanical  descriptions  and  economic  notes  concerning  nine  speciei 
are  presented  in  this  publication. 

ANALYTICAL  KEY  TO  THE  SPECIES. 

Pods  velvety  with  black  pubescence. 

Seeds  marbled,  rarely  white,  thick,  subglobose;  pods  2.5  to  3  inches  long,  nearl; 

as  thick  as  broad deeringiamm 

Seeds  black,  oblong,  somewhat  flattened;  pods  flattened,  4  to  4}  inches  long, 

capUatvn 
Pods  pubescent,  but  the  pubescence  not  black  or  velvety. 

Pubescence  dense,  erect  or  nearly  so,  not  appressed. 

Seeds  dull  black  with  faint  rusty  markings;  pubescence  of  pods  tawny.  iM 

Seeds  ash  colored ;  pubescence  of  pods  whitish cinereiat 

Pubescence  white,  appressed. 

Flowers  white;  leaf  surface  undulate;  seeds  ash  colored niveiai 

Flowers  purple;  leaf  surface  plane. 

Pod  valves  with  the  principal  ridge  prominent,  but  secondary  ridg< 

rarely  more  than  one. 

Pubescence  on  pods  rather  coarse  and  long;  leaflets  3  to  5  inchi 

long,  rather  thick;  seeds  ash  colored ha8sj» 

Pubescence  very  fine;  leaflets  larger  and  thinner;  seeds  shinii 

black cUerrimvM 

Pod  valves  with  a  well-developed  principal  ridge  and  two  or  more  se 

ondary  ridges;  pubescence  soft. 

Seeds  flattened,  white  with  black  or  gray  spots;  pods  large,  vei 

fleshy  when  green,  5  to  7  inches  long;  valves  with  3  to  5  secondai 

ridges;  pubescence  very  sparse padiylobim 
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STIZOIiOBIUH  DEEBINaiAKTTM. 

SHzolobium  deeringianum  Bort."   Florida  velvet  bean.    (PL  II,  B.) 

An  annual,  herbaceouB,  climbing  vine,  sometimes  20  meters  in  length  when  growing 
OD  supports,  and  even  on  the  ground  attaining  a  length  of  from  2  to  6  meters,  bearing 
long,  p^ident  racemes  of  purple  flowers  which  produce  dark,  velvety  pods  5  or  6 
oentimeterB  long.  Stems  rather  slender,  terete,  sparsely  pubescent  with  white, 
appreased  hairs,  especially  on  the  ridges.  Petioles  equaling  or  exceeding  the  leaflets, 
pubescent  like  the  stem,  and  continued  for  2  to  4  centimeters  beyond  the  lateral 
leaflets;  stipules  subulate,  pubescent,  about  1  centimeter  long;  stipels  similar  but 
fmaller;  petiolules  about  5  millimeters  long,  stout,  very  pubescent.  Leaflets  rhom- 
boid-ovate, the  lateral  ones  oblique,  membranaceous,  acuminate-cuspidate,  5  to  15 
centimeters  long,  about  half  as  broad,  sparsely  pubescent  above,  especially  on  the 
veins,  more  densely  pubescent  beneath,  the  white  hairs  closely  appresHed.  In- 
ikxescence  a  raceme  or  thyrsus  15  to  30  centimeters  long,  pendent,  bearing  5  to  30 
floweiB,  usually  about  12;  rachis  like  the  stem,  but  more  pubescent;  flowers  borne 
nngly  or  in  twos  or  threes  on  short  lateral  branchlets.  Bracts  lanceolate-subulate, 
▼ery  pubescent,  early  fugacious.  Oalyx  pubescent  within  and  without  with  short, 
white,  appressed  hairs,  2  lipped,  the  upper  lip  broadly  triangular,  the  lower  lip  3  cleft, 
the  lobes  triangular-subulate,  the  middle  one  longest;  stinging  hairs  absent.  Corolla 
dark  purple,  3  to  4  centimeters  long;  standard  less  than  half  the  length  of  the  keel, 
darker  than  the  rest  of  the  flower;  wings  slightly  shorter  than  the  keel,  rather  broad, 
obbnceolate-oblong,  obtuse;  keel  straight  to  near  the  tip,  where  it  curves  sharply 
upward,  the  tip  firm  and  acute;  anthers  of  two  sorts,  alternately  long  and  short,  the 
htter  on  much  broader  filaments;  ovary  linear,  pubescent;  style  filiform,  pubescent 
nearly  to  the  tip;  stigma  small.  Pods  when  mature  5  to  6  centimeters  long,  turgid, 
densely  covered  with  a  soft,  nearly  black,  velvety  pubescence  without  Htinging 
hain;  valves  with  1  or  2  or  sometimes  3  obscure  longitudinal  ridges.  Seeds  3  to  5 
in  each  pod,  subglobose,  marbled  and  speckled  with  brown  or  black,  and  sometimes 
both,  on  ash-gray  ground  color  (though  pure  gray  and,  it  is  said,  pure  black  occur 
iirely),  1  to  1.5  centimeters  in  diameter.  Hilum  white,  oblong-crateriform,  less  than 
one-half  the  length  of  the  seed. 

The  leaflets  of  this  species  are  abruptly  mucronate  from  a  usually 
obtuse  apex. 

This  is  the  well-known  species  which  has  been  so  long  cultivated 
in  Florida.  Its  importance  in  late  years  has  grown  rapidly,  and  it  is 
now  much  more  cultivated  than  ever  before.  The  principal  objection 
to  it  is  the  long  season  required  for  maturing,  which  has  in  a  largd 
measure  miUtated  against  its  cultivation  farther  north.  It  will, 
however,  make  a  very  large  growth  of  vines  as  far  north  as  Virginia 
and  Kentucky,  but  rarely  matures  its  seed  north  of  Florida.  It  is 
not  well  adapted  as  a  hay  plant  on  account  of  its  extreme  vininess, 
and  where  it  does  not  produce  pods  is  of  only  limited  usefulness, 
like  all  of  the  stizolobiums  it  is  absolutely  immune  to  the  wilt  which 
affects  so  many  other  legumes  and  also  to  root-knot  caused  by 
nematodes.  In  all  of  the  time  this  plant  has  been  under  cultivation  in 
Florida  the  only  variant  produced  is  one  having  white  or  nearly 

a  Bulletin  141,  pt.  3,  Bureau  of  Plant  Industry,  1909,  p.  31. 
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white  seeds,  apparently  being  identical  in  all  other  respects  with  the 
ordinary  form  having  mottled  seeds. 

The  original  source  of  this  species  has  never  yet  been  determinedj 
though  in  all  probabiUty  it  comes  from  southern  Asia  or  some 
island  of  the  Mcday  Archipelago.  It  has  been  widely  distributed 
throughout  the  world  by  the  United  States  Department  of  Agriculture. 
Seed  which  is  undoubtedly  the  progeny  of  such  distributions  has 
been  obtained  from  Saigon,  Cochin  China  (S.  P.  I.  No.  25261),  and 
also  from  Poona,  India  (S.  P.  I.  No.  25716).  On  account  of  the  wide 
distribution  which  has  been  made  of  the  seed  of  this  species,  it  will 
be  rather  difficult  to  ascertain  its  exact  place  of  nativity,  which  can 
probably  be  determined  only  by  finding  the  plant  growing  under 
conditions  where  it  is  imdoubtedly  wild. 

STIZOLOBIUM  CAPITATUM. 

StizoloMum  capitatum  (Roxburgh)  Kuntze.     (PI.  II,  A.) 

Carpopogon  capitatum  Roxburgh,  Flora  Indica,  1832,  vol.  3,  p.  284. 

Mucuna  capitata  Wight  and  Arnott,  Prodromus  Flor»  Peninsulffi 
IndifiB  Orientalis,  1834,  p.  255. 

Roxburgh's  original  description  is  as  follows: 

Annual,  twining.    Heads  axillary,  subsessile.    L^umes  armed  with  soft  velvet- 
like down. 
Teling.    Soorootoo. 

This  I  have  only  found  in  a  cultivated  state,  and  that  during  the  cold  season,  in  the 
gardens  of  the  natives.    It  is  an  annual. 

Stem  herbaceous,  twining,  branchy,  running  to  an  extent  of  10  to  12  feet,  if  Bup> 
ported;  young  shoots  slightly  downy.  Leaves  temate.  Leaflets  equal  in  size,  the 
exterior  ones  ovate,  about  3  inches  long  and  2  broad,  the  lateral  ones  obliquely 
cordate;  all  are  entire  and  obtuse,  above  smooth,  a  little  downy  underneath.  Stipules 
of  the  petioles  axillary,  short,  many  flowered.  Bracts,  flowers,  stamens,  and  pistil 
as  in  C.  pruriens.  Legumes  cylindric,  depending,  a  little  cmrved,  about  as  thick  as 
the  forefinger  or  thumb,  and  about  6  inches  long,  covered  with  soft,  velvet-like 
down;  when  ripe  wrinkled  longitudinally.  Seeds  five  or  six,  of  the  size  of  a  small 
garden  bean,  smooth,  shining,  black. 

The  young  pods  like  those  of  Dolichos  lignasus  and  lablah  are  used  by  the  natives 
in  their  curries,  after  rubbing  off  the  down  that  covers  them. 

Pods  9  to  10  cm.  long,  about  1^  cm.  wide,  strongly  falcate,  much 
compressed,  mostly  four  seeded;  valves  with  a  strong  central  ridge 
extending  from  near  the  base  to  the  tip,  a  secondary  ridge  usually 
present  extending  for  the  upper  third;  pubescence  identical  with 
that  of  Stizolobium  deeringianum,  dense,  soft,  nearly  black,  the  lai^r 
hairs  tipped  with  white;  seeds  oblong,  glossy,  black,  with  or  without 
faint  brownish  markings,  8  by  15  mm.,  the  white  hilum  5  mm. 
long. 
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STIZOLOBIUM  CAPITATUM.  13 

Seed  (S.  P.  I.  No.  25120-A)  representing  this  species  was  obtained 
from  Maj.  A.  T.  Gage,  superintendent  of  the  Royal  Botanical  Garden^ 
Calcutta,  British  India.  This  seed  was  mixed  with  S.  P.  I.  No.  25120, 
Stizclobium  utile,  from  the  same  place.  At  Gainesville,  Fla.,  this 
same  species  was  mixed  with  S.  P.  I.  No.  22464,  Stizolohium  utile, 
obtained  through  Mr.  A.  C.  Hartless,  superintendent  of  the  Govern- 
ment Botanic  Garden,  Seharanpur,  British  India,  under  the  name 
of  Mucuna  ca'pUata.  As  the  seeds  of  these  two  species  are  much 
alike,  the  mixture  was  in  each  case  probably  accidental. 

This  species  is  the  only  one  having  pod  pubescence  of  the  type 
found  on  the  Florida  velvet  bean,  but  the  pods  and  seeds  are  very 
different.  At  Biloxi,  Miss.,  and  Gainesville,  Fla.,  it  matures  its 
pods  in  about  the  same  length  of  time  as  the  Florida  velvet  bean, 
and  probably  is  of  about  the  same  agronomic  value. 

Later  botanical  writers  have  made  various  comments  on  Rox- 
burgh's species.  Wight  and  Arnott  (Prodromus  FlorsB  Peninsulse 
Indi®  Orientalis,  1834,  p.  255)  quote  the  herbarium  name  of  Rox- 
burgh, Dolichos  soorootoo,  from  an  unpublished  drawing  in  the 
herbarium  at  Calcutta  and  also  identify  the  plant  questionably  with 
Rumphius's  Cacara  nigra,  Plate  138,  published  in  the  Herbarium 
Amboinense.  The  flowers  as  indicated  on  Rumphius's  plate  are 
very  different  from  those  of  any  Stizolohium,  while  the  pods  resemble 
closely  those  of  Pachyrhizua  angulatus.  The  drawing  of  the  seed, 
however,  indicates  a  typical  Stizolohium.  We  are  unable  satis- 
factorily to  identify  this  plate.  Wight  and  Arnott  also  state  that 
they  have  examined  specimens  collected  by  KJein,  obtained  from 
the  Missionaries'  Garden.  Baker,  in  Hooker  (Flora  of  British  India, 
vol.  2,  p.  187),  also  refers  Mucuna  velutina  Hassk.  to  this  species,  a 
reference  which  we  consider  erroneous.  A  similar  reference  is  also 
made  by  Miquel  (Flora  van  Nederlandsch  Indie,  vol.  1,  p.  212). 
Miquel  also  refers  with  doubt  to  this  species  the  plant  described  by 
Rumphius  in  Herbarium  Amboinense  as  Cacara  nigra.  In  this  he 
apparently  follows  Wight  and  Arnott. 

There  could  seem  to  be  little  doubt  regarding  the  identity  of  this 
species  as  based  on  Roxburgh's  ample  description  and  from  the 
further  fact  that  this  plant  has  been  received  from  Calcutta,  the  type 
locality.  It  does  not  seem  likely  that  Roxburgh's  original  plant  is 
Stizolohium  utile,  as  the  pubescence  on  the  pods  of  that  could  scarcely 
be  called  velvety.  The  species  is  perfectly  distinct  in  its  pod  char- 
acters, in  which  respect  it  can  only  be  associated  with  the  Florida 
velvet  bean,  which  has  pods  of  very  different  shape  and  seeds  of 
different  shape  and  color. 
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STIZOLOBIUM  TTTILE. 

Stizolobium  lUUe  (Wall.)  n.  comb.  (PI.  Ill,  B). 
Mucuna  utUis  Wall.  (Wight,  Icones  Plantorum   IndisB  Orientalis, 
1840,  vol.  2,  p.  280). 

Wight  publishes  an  excellent  plate  of  this  plant,  which  has  been 
reproduced  in  Bulletin  No.  141  of  the  Bureau  of  Plant  Industry, 
page  28.     The  only  description  given  by  Wight  is  as  follows: 

Mucuna  viilis  (WalL  MSS.).  The  principal  difference  of  this  species,  if  indeed  a 
species,  and  M,  prurita  consists  in  the  hairs  of  its  legumes  being  appressed  and  almost 
silky,  not  erect,  rigid,  and  stinging.  In  all  other  respects  they  sufficiently  agree. 
The  flowers  in  both  are  purple.  The  greater  size  of  this  is  probably  attributable  to 
cultivation,  in  which  state  only  it  is  known. 

Voigt  (Hortus  Suburbanus  Calcuttensis,  1845,  p.  236)  identifies 
the  plant  with  *Hhe  variety  extensively  cultivated  in  the  Mauritius 
and  Van  Diemen's  Land  as  a  table  vegetable  and  also  as  a  fodder 
for  cattle."  This  plant  is  the  variety  with  black,  shiny  seeds  com- 
monly known  as  Mauritius  bean.  Voigt  also  gives  the  name  *'Pois 
noir  de  Bourbon.''  Cordemoy  (Flore  de  Tile  de  la  Reunion,  1895, 
p.  393)  accepts  this  identification.  This  author  states  that  the 
plant  on  the  island  of  Reunion  is  known  under  the  name  of  ''Pois 
mascate.''  He  also  gives  a  detailed  description  of  the  plant,  which 
he  states  was  imported  into  Reunion  to  serve  for  breeding  purposes, 
but  is  now  naturalized.  We  should  be  inclined  to  accept  this  identi- 
fication if  it  were  not  for  two  facts.  First,  Wallich's  figure  indicates 
more  pubescence  on  the  pod  than  occurs  in  the  Mauritius  bean  and 
the  pubescence  is  not  closely  appressed ;  secondly,  we  have  obtained 
from  Maj.  A.  T.  Gage,  superintendent  of  the  Botanic  Garden  at 
Calcutta,  seeds  of  two  species  of  Stizolobium  now  being  grown  in 
the  garden  at  Calcutta.  One  of  these  is  Stizolohium  capUcUum, 
already  described;  the  other  is  the  species  which  we  feel  confident 
is  the  same  plant  that  Wallich  has  figured.  It  is  very  different 
from  the  Mauritius  bean  in  that  the  pod  is  densely  covered  with 
tawny  pubescence  which  is  not  appressed.  The  following  is  a 
detailed  description: 

Stems  stout,  growing  30  to  50  feet  long,  striate  and  furrowed,  pubescent  with  fine 
retrorse  hairs;  leaflets  plane,  ovate,  5  to  8  inches  long,  mostly  obtuse,  mucronate, 
puberulent  on  both  sides  with  fine  appressed  hairs;  racemes  9  to  15  inches  long; 
calyx  saccate,  pubescent  without  and  within,  with  fine  white  appressed  hairs,  the 
upper  lobe  triangular,  blunt  or  notched,  the  lower  lobe  one-half  longer  than  the  lateral 
lobes;  corolla  dark  purple,  IJ  inches  long,  the  wings  broad;  ovary  densely  pubescent 
with  white  and  purple  hairs;  pods  flattened,  3}  to  4^  inches  long,  densely  pubescent 
with  short  erect  or  ascending  tawny  hairs  with  a  few  purple  ones  interspersed;  lateral 
ridge  strong,  more  or  less  broken,  extending  nearly  the  length  of  the  valves;  seeds 
oblong,  rather  thick,  12  to  14  mm.  long,  dull  black,  faintly  marked  with  brown  flecks, 
the  veins  invisible. 
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This  is  S.  p.  I.  No.  25120,  obtained  from  Maj.  A.  T.  Gage,  super- 
intendent of  the  Botanic  Garden  at  Calcutta,  British  India.  Identical 
with  it  is  S.  P.  I.  No.  22464,  from  Mr.  A.  C.  Hartless,  superintendent 
of  the  Government  Botanic  Garden,  Seharanpur,  British  India. 

This  species  has  been  grown  for  two  seasons  at  Biloxi,  Miss.,  and 
Gainesville,  Fla.  It  matures  with  the  Florida  velvet  bean  and  is 
about  as  productive.  The  pubescence  on  the  pods,  however,  is  rather 
harsh,  rubs  off  easily,  and  is  irritating  to  the  skin.  On  this  account 
it  will  doubtless  not  be  found  desirable  for  cultivation. 

STIZOLOBItTM  CINBBST7M. 

Stizohbium  dnereum  n.  sp.    Ashy-pod  bean.     (PL  III,.  A.) 

Stems  stout,  growing  30  to  50  feet  long,  furrowed,  covered  with  a  fine,  harsh  pubee* 
cence,  the  hairs  not  retrorse;  leaflets  plane,  broadly  ovate,  mostly  obtuse,  mucronate, 
5  to  8  inches  long,  pubescent  on  both  sides  with  appressed  white  hairs,  especially 
beneath;  racemes  9  to  15  inches  long;  calyx  saccate,  silky  with  white  Oppressed  hairs 
without,  less  so  within;  corolla  dark  purple,  IJ  inches  long;  pods  flattened,  4  to  4i 
inches  long,  densely  pubescent  with  short  erect  or  ascending  white  hairs;  median 
ridge  prominent,  complete,  the  secondary  irregular,  varying  from  continuous  to  broken 
or  sometimes  wanting;  seeds  oblong,  ash  colored,  the  ends  often  black,  veiny,  about 
15  mm.  long. 

This  species  has  been  grown  for  two  seasons  at  Biloxi,  Miss.,  and 
Gainesville,  Fla.  It  matures  with  the  Florida  velvet  bean,  but  is  no 
more  prolific  and  the  hairs  are  irritating. 

This  is  S.  P.  I.  No.  22463,  from  Mr.  A.  C.  Hartless,  superintendent 
of  the  Government  Botanic  Garden,  Seharanpur,  British  India. 

STIZOLOBIUM  NIVET7M. 

Stizohhium  niveum  (Roxburgh)  Kuntze.     Lyon  bean.     (PI.  IV,  A.) 

Carpopogon  niveum  Roxburgh  (Flora  Indica,  1832,  vol.  3,  p.  285). 

Mucuna  nivea  Wight  and  Arnott  (Prodromus  Florae  Indiae  Peninsulae 
Orientalis,  1834,  p.  255). 

Mucuna  hjoni  Merrill  (Philippine  Jom^nal  of  Science,  Supplement  1, 
1906,  p.  197). 

Roxburgh's  original  description  is  as  follows: 

Annual,  twining.  Racemes  pendulous.  Legumes  from  six  to  eight  seeded ,  while 
young  downy;  when  old  destitute  of  down  and  wrinkled. 

Bengal-Khamach . 

Like  Carpopogon  capitatumy  I  have  only  found  this  in  a  cultivated  state,  and  even 
then  very  uncommon,  having  seen  it  but  in  one  or  two  gardens  near  Calcutta;  how- 
ever, if  it  is  not  indigenous  in  Bengal,  it  must  have  been  long  known  to  the  natives, 
not  only  on  account  of  their  having  a  vernacular  name  for  it,  but  because  it  is  eat«n 
by  them,  as  a  Hindoo  requires  a  long  and  intimate  acquaintance  with  any  article  be 
Jore  he  makes  it  a  part  of  his  diet.  Potatoes  they  must  have  known  fifty  years  or 
more  before  they  began  to  admit  them  at  their  tables. 
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Be  that  as  it  may,  the  plant  is  cultivated  during  the  cold  season,  when  it  bloesoms 
and  produces  fruit  in  great  abundance. 

Root  ramous,  generally  annual,  though  in  some  soils  it  lasts  longer.  Stem  twining 
to  an  extent  of  some  fathoms,  very  ramous  and  thick,  but  of  a  spongy,  succulent 
nature,  young  shoots  a  little  villous.  Leaves  temate.  Leaflets  entire,  the  pair 
nearly  semicordate,  the  terminal  one  rhomboidal;  all  have  short  acute  points  and 
are  nearly  equal  in  size,  of  a  soft  delicate  texture  and  slightly  villous  on  both  sides; 
from  4  to  10  inches  long.  Petioles  round,  slightly  villous,  from  6  to  12  inches  long. 
Stipules  lanceolate.  Racemes  axillary,  solitary,  pendulous,  often  as  long  or  even 
longer  than  the  leaves,  bearing  numerous,  three-fold,  pendulous,  very  large  white 
flowers.  Bracts  fourfold,  a  common  one  to  each  tubercle  of  the  racemes,  on  which 
the  three  flowers  are  inserted,  and  one  to  each  of  the  proper  pedicels,  all  are  caducous, 
nearly  lanceolate,  and  villous.  Calyx  four  parted.  The  upper  division  broad  and 
emaiginate;  the  lower  one  narrowest  and  more  lengthened  than  the  lateral  pair. 
Corol  papilionaceous.  Banner  cordate,  incumbent  on  the  wings  and  keel,  and  about 
half  their  length.  Wings  oblong,  with  a  remarkable  callous  gland  near  the  base  of 
each.  Keel  one  petalled,  linear,  length  of  the  wings,  with  a  sharp,  rigid,  incurved 
point.  Nectary  a  crenulate  gland  round  the  insertion  of  the  germ.  Filaments  one 
and  nine,  alternately  clavate  and  filiform,  with  loiig  linear,  subsagittate  anthers  on 
the  slender  filaments,  and  short-ovate  ones  on  the  clavate  ones.  Germ  hairy.  Style 
slender  and  villous.  Stigma  small.  Legume  linear,  about  6.  inches  long,  curv^ed  a 
little  like  an  italic  S  when  ripe,  black,  destitute  of  down,  and  longitudinally  wrinkled. 
Seeds  generally  from  six  to  eight,  oval,  smooth,  ash  colored,  and  separated  by  thin 
partitions. 

By  removing  the  exterior  velvet-like  skin  of  the  large,  fleshy,  tender  l^iimes,  they 
are  when  dressed,  like  French  beans  {Phaseolus  vulgaris)^  a  most  excellent  vegetable 
for  our  tables,  and  the  full-grown  beans  are  scarcely  inferior  to  the  laige  garden  beans 
of  Europe. 

We  identify  as  this  species  S.  P.  I.  No.  24936,  obtained  through  Mr. 
C.  Drieberg,  of  the  Ceylon  Agricultural  Society,  Colombo,  Ceylon, 
which  at  Biloxi,  Miss.,  and  Gainesville,  Fla.,  proved  indistinguishable 
from  Mucuna  lyonii  (S.  P.  I.  No.  19979)  obtained  from  the  Philip- 
pines. The  original  specimens  of  Mucuna  lyonii  came  from  Pam- 
panga  Province,  Luzon,  there  called  ''Sabual."  This  is  the  only 
species  obtained  by  us  with  ash-colored  seeds  that  has  white  flowers. 
Wight  and  Arnott,*  in  discussing  Mucuna  capUaia,  comment  as 
follows : 

M.  niveum,  D.  C.  {Carpopogon  niveum,  Roxb.  in  East  India  Company ,  mus.  tab. 
1601)  is  a  species  very  closely  allied,  but  differs  by  the  long  drooping  racemes  and  the 
legumes  when  ripe,  entirely  free  from  jltibescence;  it  likewise  is  only  known  as  a 
cultivated  plant. 

Watt's  Dictionary  of  the  Economic  Products  of  India,  1891,  vol.  5, 
p.  285,  comments  as  follows: 

Met  with  in  Burma  and  Bengal,  perhaps  only  a  cultivated  variety  of  MueuTia 
pruriens. 

Cultivated  during  the  cold  season  for  the  sake  of  its  abundant  and  useful  fruit. 
The  large,  fleshy,  tender  legumes  have  long  been  known  and  valued  aa  a  vegetable 
by  the  Hindus,  and,  according  to  Roxburgh,  are,  when  dressed,  like  French  beans, 
a  most  excellent  vegetable  for  European  tables. 

oOp.  cit.,  p.  255. 
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Watt  also  states  that  the  vernacular  names  in  use  in  Bengal  are 
'^Khamach"  and  **Alkushi.''  Firminger  (Manual  of  Gardening  for 
India,  p.  133)  says:  ''To  me  the  beans  seem  to  partake  rather  of  the 
agreeable  flavor  of  the  Lima  bean,  and  afford  a  very  nice  dish  during 
the  latter  end  of  the  rain  season."  Baker  in  Hooker  (Flora  of  British 
India,  vol.  2,  p.  188)  quotes  MtLcuna  nigra  Ham.  (in  Wall.  Cat. 
5617)  as  a  synonym,  but  neither  description  nor  citation  accompanies 
the  publication  of  that  name. 

The  Lyon  bean  has  now  been  cultivated  in  Florida  and  other 
Southern  States  for  three  years.  It  requires  about  the  same  length 
of  time  to  mature  as  the  Florida  velvet  bean,  or  is  perhaps  slightly 
earlier.  It  is,  however,  much  more  prolific  in  seed  production  and 
is  therefore  likely  to  come  into  prominent  use.  Besides  its  greater 
productivity  it  has  the  advantage  over  the  Florida  velvet  bean 
of  being  wholly  devoid  of  stinging  hairs.  The  leaf  surface,  unUke 
any  other  species  known  to  us,  is  decidedly  undulate,  so  that  the 
plant  can  readily  be  recognized  even  before  it  blooms.  The  vine 
13  fully  as  ornamental  as  the  Florida  velvet  bean  and  should  become 
a  popular  arbor  plant,  especially  if  the  seeds  are  as  edible  as  indicated 
by  Roxburgh  and  others. 

Prof.  P.  H.  Rolfs,  of  the  Florida  Agricultural  Experiment  Station, 
and  five  other  persons  tested  the  edibiUty  of  the  seeds  prepared  as 
baked  beans.  While  they  were  found  to  be  very  palatable,  they  caused 
both  purging  and  vomiting.  Three  of  the  persons  who  ate  about 
half  as  much  of  the  dish  as  they  would  of  ordinary  baked  beans  were 
thus  affected.  The  other  three  who  ate  of  them  very  sparingly 
suffered  no  ill  effects. 

The  pods  and  seeds  of  this  species  are  well  represented  in  Plate 
IV,  A.     The  flower  clusters  are  longer  than  in  any  other  species. 

STIZOLOBITTM  HASSJOO. 

Stizolobium  Tiassjoo  n.  sp.     Yokohama  bean.     (PI.  V,  B.) 

Vinee  slender,  6  to  20  feet  long,  sparsely  pubescent  with  retrorse  white  hairs;  leaflets 
ovate,  acutish,  abruptly  mucronate,  rather  thick  and  firm  in  texture,  plane,  4  to  5 
inches  long,  sparsely  pubescent  on  each  face  with  white  appressed  hairs;  racemes  4 
to  6  inches  long;  flowers  dark  purple;  calyx  saccate,  the  lower  lobe  one-half  longer 
than  the  lateral  ones,  densely  appressed-pubescent  without  and  within;  corolla  1} 
inches  long;  pods  4  to  4i  inches  long,  5  to  6  seeded,  covered  with  rather  long  white 
oppressed  pubescence;  median  ridge  prominent,  the  secondaries  faint  or  wanting; 
seeds  ash  colored,  often  blackish  at  the  ends,  oblong,  flattened,  15  to  18  mm.  long,  the 
veins  of  the  testa  very  obscure. 

This  is  S.  P.  I.  No.  25254,  obtained  from  the  Yokohama  Nursery 
Company,  Yokohama,  Japan,  who  state  that  this  plant  is  widely 
grown  in  Hokkaido  or  Yezo,  the  north  island  of  Japan.  In  the 
"Useful  Plants  of  Japan,"  1895,  page  9,  where  it  is  erroneously  iden- 
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tified  with  Mucuna  capitata  Wight  and  Amott,  the  following  infor- 
mation is  given: 

Jap.  Osharahi-mamef  Hagsho-mame;  an  annual  leguminous  climber  cultivated  in 
common  dry  land.  The  young  soft  grains  are  eaten  boiled  and  have  a  taste  of  Vida 
/aba  L.,  but  this  bean  contains  a  poisonous  ingredient  in  a  slight  quantity;  so  it  is 
advisable  to  eat  moderately. 

Stizolobium  hassjoo  is  by  far  the  earUest  species  known  to  us. 
Planted  at  Biloxi,  Miss.,  April  19,  1909,  it  was  perfectly  mature  and 
dry  on  September  20;  at  Gainesville,  Fla.,  it  was  fully  mature  by  Sep- 
tember 27,  having  been  planted  on  May  1;  at  Monetta,  S.  C,  it  was 
planted  June  15  and  the  pods  were  mature  enough  to  ripen  when  the 
vines  were  killed  by  frost  on  October  25;  at  the  Arlington  Experi- 
mental Farm,  near  Washington,  D.  C,  it  was  in  full  bloom  on  October 
12,  having  been  planted  on  June  21.  The  individual  plant  will  cover 
a  plat  3  to  4  feet  square,  which  will  indicate  the  proper  distance  to 
plant. 

This  species  was  also  grown  at  Manhattan,  Kans.,  in  1890  under  the 
name  Mucuna  capitataj  by  Prof.  C.  C.  Georgeson.  From  seed  planted 
May  19  the  plant  began  to  bloom  August  7  and  matured  a  few  pods 
before  frost.  ^ 

This  plant  is  mentioned  by  Siebold  (Verhandelingen  van  het 
Bataviaasch  Genootschap,  1830,  vol.  12,  p.  55)  under  the  name 
Dolichos  hassjoo,  and  the  Japanese  name  "Hassjoomame"  is  cited, 
but  no  description  given.  We  have  thought  it  best,  however,  to  use 
the  same  specific  name. 

STIZOLOBIUM  ATEBBIMT7H. 

Stizolohium  aterrimum  n.  sp.    Mauritius  or  Bengal  bean.     (PL  IV,  By 
and  PL  VII.) 

Vine  very  strong  and  vigorous,  the  stem  striate  but  scarcely  furrowed,  covered  with 
a  soft,  sparse  pubescence;  leaflets  very  large,  plane,  mostly  acute,  strongly  mucronate, 
sparsely  appressed-pubescent  on  each  side;  racemes  pendent,  18  to  30  inches  long, 
many  flowered; 'flowers  purple;  calyx  not  saccate,  densely  appressed-pubescent  with- 
out and  within;  pods  falcate,  about  4  inches  long,  black  when  mature,  sparsely  cov- 
ered with  a  short,  white,  appressed  pubescence;  median  ridge  on  valves  prominent 
but  sometimes  broken;  secondary  ridge  faint  or  wanting;  seeds  four  or  five,  oblong, 
black,  very  shiny,  10  to  12  mm.  long,  the  prominent  hilum  white. 

This  species  is  apparently  much  more  widely  cultivated  than  any 
other  and  has  been  obtained  from  the  following  sources: 

S.  P.  I.  Nos.  19181  and  21300,  from  Piracicaba,  Brazil. 

S.  P.  I.  No.  22031,  from  Sydney,  New  South  Wales,  under  the  name 

"Black  Mauritius  bean." 
S.  P.  I.  No.  22032,  from  Kameninga,  Queensland,  Australia,  under  the 

name  ''Black  Mauritius  bean.'* 

oSee  Kansas  Agricultural  Experiment  Station,  Bulletin  19,  December,  1890,  p.  199. 
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8.  P.  I.  No.  25262,  from  Saigon,  Cochin  China. 

S.  P.  I.  No.  24922,  from  Saigon,  Cochin  China. 

8.  P.  I.  No.  25870,  from  Barbados,  under  the  name  ''Bengal  bean." 

8.  P.  I.  No.  25755,  from  Mauritius. 

S.  P.  I.  No.  21951,  from  Buitenzorg,  Java. 

8.  P.  I.  No.  21953,  from  Buitenzorg,  Java. 

S.  P.  I.  No.  24935,  from  Colombo,  Ceylon. 

This  species  is  also  grown  in  Hawaii  under  the  name  of  Mauritius 
bean,  and  has  been  obtained  from  Brazil  under  the  name  of  Horse- 
Eye  bean. 

Both  at  Biloxi,  Miss.,  and  at  Gainesville,  Fla.,  this  species  grows 
to  a  much  larger  size  than  the  Florida  velvet  bean,  but  is  much  later, 
so  that  the  pods  barely  mature.  On  account  of  its  extreme  lateness 
it  is  not  at  all  likely  that  it  will  be  of  value  under  American  condi- 
tions. In  Barbados  Mr.  John  R.  Bovell,  the  Superintendent  of  Agri- 
culture, writes  that  it  is  grown  to  only  a  small  extent  for  green  ma- 
nuring. He  has  never  known  it  to  be  used  for  fodder  or  as  human 
food. 

In  Mauritius,  according  to  Director  P.  Boname,  of  the  agricultural 
station  at  Keduit,  the  Florida  velvet  bean  has  proved  to  be  much 
less  luxuriant  and  valuable. 

As  already  stated,  this  plant  was  identified  by  Voigt  as  the  Mucuna 
tttUis  of  Wallich.  For  the  reasons  given  in  the  discussion  under 
Stizolobium  utile,  we  regard  this  identification  as  erroneous.  There 
is  still  slight  room  for  doubt  in  connection  with  this  matter,  which, 
however,  can  only  be  cleared  up  by  comparison  with  the  original  type. 

STIZOLOBITTH  PACHYLOBrUM. 

Stizolobium  padiyloMum  n.  sp.     Fleshy-pod  bean.     (PI.  V,  A,  and 
PI  VI.) 

Vines  stout,  40  to  60  feet  long;  stems  sparsely  pubescent  with  soft  white  hairs;  leaf- 
lets 3  to  7  inches  long,  mostly  acute,  cuspidate,  sparsely  appressed-puberulent  on 
both  sides,  especially  on  the  veins  beneath;  racemes  1  to  2  feet  long,  the  peduncle 
often  bearing  a  small  leaf;  flowers  dark  purple,  1}  inches  long;  calyx  appreesed- 
puberulent  without  and  within,  the  lower  lobe  little  exceeding  the  laterals;  pods 
large,  5  to  7  inches  long,  very  fleshy  when  green,  sparsely  puberulent  with  weak  white 
hairs,  black  and  slightly  falcate  when  mature,  somewhat  compressed,  the  valves 
Daostly  having  two  complete  longitudinal  ridges  and  several  secondary  ones;  seeds 
much  flattened,  18  to  22  mm.  long,  white  with  scattered  black  or  gray  spots. 

The  original  seed  of  this,  S.  P.  I.  No.  21094,  was  presented  to  the 
Department  by  Mr.  J.  C.  Vaughan,  of  Chicago. 

It  was  sent  to  him  by  Mr.  A.  L.  Kennan,  from  Talgarh,  Midnapur, 
India,  who  writes:  "The  spotted  bean  is  very  productive,  but  is 
cultivated  to  a  very  limited  extent  by  the  Santals,  one  of  the  aborigi- 
nal tribes  of  India.  They  cook  the  green  pods  and  also  the  ripened 
seeds,  but  do  not  like  either  very  well.'* 
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This  has  larger  seeds  than  any  other  species,  and  the  pods  also 
are  the  largest  and  least  pubescent.  It  requires,  unfortunately,  a 
longer  season  than  the  Florida  velvet  bean  by  at  least  a  month. 
Some  of  the  clusters  of  pods  of  this  bean  measure  3  feet  in  len^h 
and  bear  over  50  pods. 

The  edibility  of  the  pods  and  seeds  has  been  tested  by  Mr.  S.  H. 
Gaitskill,  of  Mcintosh,  Fla.,  who  writes: 

We  have  been  giving  the  fleehy-pod  velvet  bean  a  trial.  I  could  not  get  the  negroee 
to  try  it  until  I  had  eaten  it  and  had  Mr.  Dedman  try  it;  then  the  negroes  tried  it.  I 
do  not  consider  it  a  fine-flavored  bean,  but  has  no  bad  taste;  in  fact,  is  quite  palatable, 
and  there  were  no  bad  effects  at  all.    I  would  call  it  an  edible  bean. 

We  found  the  bean  better  than  the  pod,  and  it  might  be  that  it  would  be  more 
palatable  to  let  them  get  fairly  ripe  and  use  them  as  shelled  beans. 

An  important  characteristic  in  which  this  species  differs  from  the 
others  is  that  the  pods  do  not  deliisce  at  maturity,  but  the  pods  can 
be  broken  in  pieces  without  the  valves  separating.  This  character 
will  very  likely  be  valuable  in  crossing  with  the  Lyon  bean  and  others 
which  dehisce  rather  too  easily  and  thus  shatter  seed. 

STIZOLOBITJM  VELX7TINT7M. 

Stizolohium  vdutinum  (Hassk.)  n.  comb. 

Mucuna  velutina  Hassk.     (Beiblatter,  p.  77,  to  Flora,  25th  year, 
1842,  vol.  2.) 

The  original  description  is  as  follows: 

Mucuna  velutina.  Nom.  sund.  Kwaa  hoddiu. 

Legumina  lamellis  transversis  fere  distituta: — Racemis  abreviatis  6 — 1,  5  poll, 
long.  0,  5  pll.  crassis  densissime  velutinis  subtereti-oblongis  apice  curvatis  G-loculatis, 
seminibus  compressis; — foliolis  (lateralibus  oblique-)  ovatis  mucronulatis  utrinque 
pilis  adpressis  minutissimus  sparsis  (in  junioribus  &  calyce  sericeis);  corolla  alba. 
Caulis  volubilis,  petioli  pedales,  stipellse  subulatse, — Spec,  intermedia  M.  mitem 
inter  &  mollem  DC.    Prdr.  II.  405. 

Hasskarl  later  published  a  modified  description  (Catalogus  Planta- 
rum  in  Horto  Botanico  Bogoriensi,    1844,  p.  277),  as  follows: 

Mucuna  velutina.  Kwas. 

Floribus  racemosis,  bracteis  subnuUis,  leguminibus  densissime  velutinis  subtereti- 
oblongis,  apice  curvatis  vix  6-  (sub  1-)  loculatis,  foliolis  ovatis  mucronulatis  utrinque 
pilis  minutisnimis  adpressis  sparsis. — Variat  seminbus  nunc  maculatis  majoribus 
minoribusve  (Kw.  boeriek  gedeh  &  leutiek)  nunc  immaculatis  albis  rugosis  s.  laevibufl 
(Kw.  boddas  mengroet  <&  lietjien)  aut  viridiusculis  aut  nigris  (Kw.  heedjoh  s.  hiedung). 

Through  the  kindness  of  Dr.  M.  Treub,  director  of  the  Buitenzoiig 
Botanical  Garden,  we  have  obtained  seeds  of  all  the  sorts  now  grown 
there.  These  include  the  following  S.  P.  I.  Nos.:  21951  and  21953, 
with  black  shiny  seeds;  21952,  with  ash-colored  seeds;  24657,  marbled 
ash  and  brown;  24424,  reddish  to  pinkish  gray,  more  or  less  marbled 
with  black  or  brown;  21955,  greenish  yellow  or  brownish,  clouded 
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:  over  with  black,  perhaps  the  same  as  24424,  but  with  discolored  seeds. 
jThere  was  also  found  in  some  asparagus  bean  seed  from  Buitenzorg 
'ft  variety  with  greenish-yellow  seeds.  No.  0840. 
Doctor  Treub  writes,  under  date  of  April  26,  1909: 

The  three  varieties  deecribed  by  Haaskarl,  (1) ' '  Kwas  boeriek, "  (2) "  Kwas  hiedung, " 
(3)  ''Kwas  boddas/'  are  now  grown  in  our  botanical  garden  under  the  following 
Dame?:  (1)  Miicuna  velutina  Hassk.  var.,  (2)  Mucuna  capitata  var.  nigrOy  (3) 
Munina  capitata  var.  alha.  The  sub  variety  described  by  Haaskarl  with  rough  seeds 
("Ewas  boddas  mengroet")  seems  to  be  no  more  present. 

It  will  be  noticed,  however,  that  there  were  received  from  Buiten- 
iBorg  more  kinds  than  Doctor  Treub  mentions.  Of  these  S.  P.  I.  Nos. 
21955  and  0840 failed  to  germinate;  Nos.  21951  and  21953,  with  black, 
shiny  seeds,  proved  to  be  identical  with  the  Mauritius  bean;  No. 
21952,  with  ash-colored  seeds,  is  a  very  late  sort  with  purple  flowers, 
but  the  pods  did  not  mature;  Nos.  24424  and  24657,  both  with 
marbled  seeds,  also  did  not  mature  at  Biloxi,  Miss.,  or  Gainesville, 
Fla.,  but  have  been  grown  to  maturity  in  the  greenhouse. 

Since  Hasskarl  in  his  first  description  referred  only  to  *'Kwas 
boddas/'  that  is  clearly  the  type  of  the  species.  It  will  be  noted  that 
in  the  first  description  Hasskarl  states  that  this  has  white  flowers. 
According  to  his  second  description,  Kwas  boddas  has  white  seeds, 
rough  in  one  form  and  smooth-  in  the  other,  but  the  color  of  the 
flowers  is  not  mentioned. 

In  a  comparatively  recent  publication  from  the  Buitenzorg  Garden, 
Burck  (Annales  du  Jardin  Botanique  de  Buitenzorg,  1893,  vol.  11, 
p.  187)  considers  veluHna  identical  with  utilis  and  reduces  both  it 
and  capitata  to  varieties  of  Mucuna  pruriens.  According  to  him, 
var.  utilis  (velutina)  has  the  seeds  white,  fuscous,  or  fuscous-maculate. 
He  does  not  specify  the  color  of  the  seed  of  var.  capitata. 

None  of  the  kinds  that  we  have  secured  from  Buitenzorg  and  grown 
fulfills  these  conditions  of  white  flowers  and  white  seeds,  as  all  that 
grew  had  purple  flowers  and  only  one  had  seeds  that  can  be  called 
white.  There  remains  S.  P.  I.  No.  0840,  with  greenish-yellow  seeds. 
This  seems  to  be  identical  with  S.  P.  I.  No.  25756,  received  from 
Mauritius,  and  that  does  have  white  flowers.  This,  however,  would 
seem  to  fit  best  with  Ilasskarl's  '*Kwas  heedjoh,^'  the  seeds  of  which  are 
described  as  greenish,  *'viridiusculis." 

We  are  therefore  at  a  loss  to  determine  the  identity  of  the  real 
Mucuna  velutina,  which  seemingly  is  not  contained  among  those 
grown  by  us,  unless  it  may  indeed  be  identical  with  Stizolobium 
niveum,  the  only  species  we  as  yet  know  with  white  flowers  and  white 
seeds. 

As  before  stated,  the  species  with  black,  shiny  seeds  proves  to  be 
the  same  as  the  Mauritius  bean.  The  two  kinds  with  mottled  seeds 
are  probably  distinct  species. 
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AGRICULTURAL  AND  BOTANICAL  EXPLORA- 
TIONS IN  PALESTINE. 


INTBODUCTION. 

The  economic  and  agricultural  importance  of  the  Orient  is  begin- 
ning to  be  appreciated  in  the  United  States  more  than  anywhere 
else-  Agricultural  explorers  have  not  only  brought  back  important 
economic  and  ornamental  plants,  but  have  gained  broader  views  and 
have  seen  the  possibilities  for  a  wonderful  new  development  in 
agriculture.  They  have  learned  in  the  Orient  that  there  is  every 
reason  to  hope  that  the  vast  arid  and  semiarid  regions  of  America 
can  be  rendered  productive,  although  from  the  point  of  view  of 
the  European  agronomist  they  would  appear  as  worthless  deserts. 

Economic  exploration  rather  than  scholarly  research  is  needed  to 
make  the  countries  of  the  Orient  known  and  appreciated  abroad  and 
to  renew  a  belief  in  the  ancient  saying  "ex  Oriente  lux  "  (light  comes 
from  the  Orient).  The  United  States  may  expect  its  most  valuable 
agricultural  introductions  from  the  Orient.  The  Smyrna  fig  and 
the  Thompson  Seedless  grape  have  already  been  brought  from  the 
Orient,  to  mention  only  two  examples  of  fruits.  From  the  Orient 
have  also  come  the  oats  of  Kherson  and  the  hard  wheats  of  Russia 
and  Turkey,  which  have  made  it  possible  to  extend  the  cultivation 
of  cereals  to  regions  that  were  uncultivated  before  their  introduction. 
But  this  is  only  the  beginning.  My  own  observations  in  the  Orient, 
as  well  as  in  the  Middle  West  and  Southwest  regions  of  the  United 
States,  lead  me  to  believe  that  all  that  has  been  done  in  this  direction 
is  only  a  splendid  beginning. 

In  fact,  the  Orient  still  remains  almost  unexplored  and  unknown 
as  to  its  agricultural  possibilities.  In  the  oriental  countries  can  be 
found  almost  all  of  the  wild  types  which  our  prehistoric  ancestors 
utilized  in  producing  the  cultivated  crops  of  our  time.  Here,  also, 
are  to  be  found  some  of  the  best  cultivated  varieties,  developed  by 
the  combined  efforts  of  man  and  nature  for  thousands  of  years.  New 
countries,  especially  those  of  the  west,  can  here  obtain  the  plants 
best  adapted  to  their  needs. 

An  idea  of  what  the  Orient  holds  for  those  who  will  take  the 
trouble  to  explore  it  can  easily  be  gained  by  considering  the  useful 
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plants  whicb  I  think  should  be  introduced  from  Palestine,  a  part 
of  the  Orient  which  I  have  made  my  special  study. 

ANALOGY  BETWEEN  PALESTINE  AND  CALITOBNIA. 

Palestine  is  more  like  the  State  of  California  than  any  other  in 
the  Union  in  everything  except  size.  It  lies  between  longitude  34°  30' 
and  36°  30'  east,  and  between  latitude  30°  30'  and  33°  45'  north.  II 
is  practically  a  California  reduced  to  about  one-twentieth  in  size, 
but  markedly  similar  in  general  topography,  climate,  vegetation,  and 
agricultural  and  economic  possibilities. 

GENERAL  CONFORMATION   OF  PALESTINE. 

Like  California,  Palestine  (see  fig.  1)  is  longest  from  north  tc 
south.  Like  California,  too,  it  has  both  very  high  mountains,  having 
an  elevation  of  9,000  to  10,000  feet,  and  very  deep  depressions.  The 
Dead  Sea,  1,200  feet  below  sea  level,  is  the  greatest  depression  known, 
and,  like  the  Death  Valley  of  California,  it  is  situated  in  the  southern 
extremity  of  the  country. 

Such  formations  always  give  rise  to  a  great  diversity  of  soil  and 
vegetation.  Where  a  very  ancient  civilization  exists,  as  in  Palestine, 
such  formations  likewise  favor  the  development  of  many  varieties  of 
cultivated  plants  and  give  rise  to  different  ftiethods  of  cultivation. 

Passing  from  west  to  east,  we  have  in  Palestine  (see  fig.  2)  the 
coast  zone,  extending  along  the  Mediterranean,  similar  to  the  littoral 
region  of  the  Pacific,  and  the  zone  of  hills  and  plateaus  of  the 
mountains  of  Judea  and  Galilee,  forming,  so  to  speak,  the  backbone 
of  the  country  and  being  similar  to  the  foothill  region  of  California. 
Farther  east  we  have  the  valley  of  the  Jordan,  the  diversified  parts 
of  which  are  similar  in  soil,  climate,  and  agricultural  possibilities 
to  the  San  Joaquin,  Imperial,  and  Death  valleys.  Finally,  still 
farther  east  are  the  plateaus  of  the  Trans-Jordan,  with  their  fertile 
soils  of  volcanic  origin,  devoted  from  time  immemorial  to  pastures 
and  the  cultivation  of  cereals.  They  are  regarded  as  the  granary  of 
the  countrv  and  have  been  famed  since  Bible  times  for  the  abundant 
herds  of  Bashan.  Extending  eastward  these  plateaus  pass  into  the 
steppes  and,  finally,  toward  the  south,  form  the  deserts  of  Syria  and 

Egypt. 

CLIMATE  AND  RAINFALL  OF  PALESTINE. 

In  Palestine,  just  as  in  California,  we  have  a  dry,  warm  season  and 
a  humid  and  more  temperate  one.  The  rainy  season  extends  from 
October  to  May,  and  the  dry  season  from  May  to  October.  The  rain- 
fall varies,  according  to  the  locality,  from  less  than  6  inches  in  the 
extreme  south  near  the  Egyptian  frontier,  where  rains  are  insufficient 
and  uncertain,  to  more  than  40  inches  in  the  north  of  the  country. 
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Palestine  is  even  more  favored  than  California  with  regard  to  the 
irinter  temperature.  Although  the  tliermometcr  rises  as  high  in  sum- 
mer in  Palestine  as  in  California,  with  extremes  of  110°  to  115°  K., 
rhoiiph  not  so  often,  it  very  rarely  drops  in  the  winter  to  the  .freezing 


I 


point.  Snow  is  rare,  even  on  the  plateans,  and  our  f;ir 
tically  safe  from  any  damage  by  frost  over  nearly  tin 
of  the  country. 


1 
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10       AGBICULTURAL  AMD  BOTANICAL  EXPLORATIONS  IN    PALESTIN^ 
GEOLOGICAI,   FORMATIONS  Or   PALESTTXE.  1 

Geologically  the  Paleozoic  age  in  Palestine  is  represented  in  ti 
extreme  southeast  by  granite  and  gneiss;  the  Secondary  formatiol 


Vnt.  1.',— Mill!  of  ruirstln.',  aliuwlntt  thr  luiiition  of  llie  prindjial  towuB  and  villages. 

ni>pcar  in  iho  extivnie  nortliesist  in  the  Jurassic,  and  the  Cretaceous 
is  found  everywhere  in  the  form  of  (Sandstone,  hard  limestone,  ana 
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dolomite  belonging  to  the  Cenomanian  and  Turonian  ages  and  soft 
limestones  and  beds  of  flint  being  generally  attributed  to  the  Seno- 
nian  age.    Finally,  my  own  discoveries  have  shown  that  the  lower 
Eocene  of  the  Tertiary  age,  which  was  unrecognized  for  a  long  time, 
covers  a  vast  area  here.    This  formation  is  abundant  in  the  south, 
where  erosion  has  reduced  it  to  thin  layers,  and  in  the  north,  where 
.it  is  characterized  by  nummulitic  limestone.     Finally,  there  are  the 
.Pliocene  and  the  Pleistocene,  the  alluvial,  diluvial  (see  PI.  I,  fig.  1), 
•and  volcanic  deposits,  which  in  the  form  of  basalt  and  basaltite  are 
found    over  vast  stretches  of  territory  in  Samaria  and  lower  and 
upper    Galilee,   and   especially   in   the  Trans-Jordan.     The   Trans- 
Jordan  is  very  similar  to  the  vast  volcanic  region  of  California  and 
Oregon,  and  to  that  of  Idaho  in  the  neighborhood  of  Pocatello  and 
in  other  localities  in  that  State. 

Because  of  its  diversified  geologic  formations  the  country  presents 
a  great  variety  of  soils,  but  fortunately  the  calcareous  element  pre- 
dominates, for  it  is  this  element  which  is  of  the  greatest  importance 
in  the  soils  of  arid  and  semiarid  regions,  being  second  in  importance 
to  water  only,  which  is  indispensable  for  maintaining  animal  and 
vegetable  life. 

As  is  to  be  expected  from  this  great  variety  of  soil  and  climate,  the 
vegetation  of  Palestine  is  remarkably  rich  in  species  and  presents 
types  of  both  desert  and  alpine  floras. 


VEGETATION  OF  PAI.ESTINE. 

Curiously  enough,  the  list  of  the  flora  of  the  small  territory  of 
Palestine  includes  approximately  the  same  number  of  species  as  that 
of  California — about  3,000.  This  is  nearly  twice  as  many  as  are 
known  in  Algeria,  which  has  the  same  variations  of  soil  and  climate 
as  Palestine  but  is  about  fifteen  times  as  large. 

There  are  many  other  points  of  similarity  between  the  vegetation 
of  California  and  that  of  Palestine.  In  both  sections  evergreen 
shnibs  predominate.  The  same  forms  of  vegetation,  often  the  same 
genera,  are  found  on  Mount  Tamalpais.  California,  and  on  Mount 
Camiel,  Palestine;  the  maqui  formation  of  Palestine  is  to  be  com- 
pared to  the  chaparral  and  chamiso  of  California,  and  the  forms  of 
vegetation  of  the  Lebanon  and  the  Hermon  mountains  are  much  the 
same  as  those  of  the  western  slope  of  the  Sierras. 

On  account  of  the  predominance  of  the  calcareous  element  in  the 
Palestine  soils  already  mentioned,  the  lime-loving  leguminous  plants 
are  well  represented.  The  genera  Medicago,  Melilotus,  Trigonella, 
Astragalus,  Trifolium,  etc.,  are  rich  in  species  which  aid  in  main- 
taining fertility  by  means  of  their  nitrogen-fixing  character.  Those 
furnish  good  temporary  pastures  in  winter  and  spring,  and  during 
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the  long,  dry  summers  the  cattle  relish  the  hulls  which  cover  tl 
ground.  The  introduction  of  these  remarkable  leguminous  plui 
into  the  Southwest,  and  their  cultivation  and  selection,  may  be  e 
pected  to  contribute  greatly  to  the  improvement  of  the  range.  Th 
analogy  of  the  flora  of  Palestine  with  that  of  California  justifies  cw 
expectation  of  the  best  results.  The  plants  of  Palestine  are,  so 
speak,  the  homologues  of  those  of  California,  and,  a  priori,  th« 
success  seems  assured. 

The  success  of  ths  useful  xerophytes  (see  flg.  3)  and  halophyt 
of  the  Palestine  deserts  when  introduced  into  the  Southwest  oug 


to  be  even  more  certain  than  would  that  of  the  plants  of  the  Soul 
west  if  transferi-ed  to  Palestine,  and  for  the  reason  that  in  the  dese 
districts  surrounding  Palestine  the  rains  come,  when  they  come 
all,  only  during  a  single  whort  season  between  October  and  Marc 
On  the  contrary,  in  Arizona,  for  example,  there  are  two  rail 
seasons  during  the  year.  This  would  be  a  great  advantage  to  tl 
leguminous  annuals  and  grasses  introduced  from  Palestine. 

In  the  territory  with  which  we  are  dealing  we  have,  as  has  be« 
shown,  a  large  number  of  wild  species  and  varieties.  If  we  co 
sider  the  varied  natural  conditions  of  Palestine  and  the  peculii 
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lethods  of  cultivation  which  have  been  brought  about  by  political 
iditions — ^the  vicissitudes  of  war,  the  continual  migration  of  tribes, 
[md  colonization — all  acting  through  such  long  periods  of  time,  we 
[an  readily  understand  why  so  many  varieties  of  cultivated  plants 
llave  been  developed  and  why  the  country  is  such  an  interesting  one 
to  study  and  is  so  full  of  promise. 

aCONOMIC  PLANTS  WOBTHT  OF  INTRODUCTION  INTO  THE  UNITED 

STATES. 

PLANTS  RECOMMENDED  AS  STOCKS. 

Zizyphus  spinn-christi  {Christ -thorn), — This  tree  averages  IG  feet 
or  more  in  height,  with  a  diameter  of  16  to  24  inches.  Its  fruit, 
about  the  size  of  a  hazelnut,  is  not  so  well  liked  as  that  of  the  species 
mentioned  later.  It  is  a  tree  which  is  found  along  the  coast  and 
in  the  valley  of  the  Jordan.  There  are  several  local  races  adapted  to 
different  life  conditions.  In  the  valley  of  the  Jordan,  and  especially 
farther  south  in  the  valley  of  the  Arabah,  it  is  the  most  common 
tree  on  alkaline  soils. 

The  Arabs  water  their  land  very  abundantly  and  do  not  provide 
any  drainage,  and  as  a  consequence  great  quantities  of  alkaline  salts 
are  brought  to  the  surface.  At  the  end  of  two  or  three  years  the  soil 
is  so  excessively  salty  that  the  land  is  abandoned  for  a  number  of 
years  until  the  rains  have  washed  the  salt  down  into  the  subsoil. 
Zisi/phiis  spina-ckristi  grows  on  these  lands  abandoned  on  account 
of  their  excessive  alkalinity,  so  that  when  an  explorer  finds  a  field 
overgrown  with  this  plant  he  can  be  sure  that  it  has  formerly  been 
under  cultivation. 

Zizyphus  spina-christi  inermis. — In  very  moist  lands  along  the 
banks  of  streams,  for  example  those  of  the  Jordan  near  Jericho,  the 
type  plant  loses  its  thorns  (thorny  stipules  or  stipular  spines).  The 
resulting  variety  is  called  inermis  (spineless). 

Zizyphus  lotus. — ^This  bush  rarely  grows  to  a  height  of  6  feet.  It 
tends  rather  to  give  off  suckers,  thus  spreading  continually  and  form- 
ing clumps  of  large  diameter.  This  characteristic  makes  the  plant 
very  valuable  for  the  fixation  of  dunes.  It  seems  to  be  more  particu- 
larly adapted  to  inland  dunes,  although  it  has  been  grown  success- 
fully along  the  coast.  The  fruit  of  this  species,  although  smaller 
than  that  of  Z,  spina-chi^ti^  is  more  palatable  and,  under  the  name 
of  ••'  Dom,"  is  eaten  dry  by  the  Arabs  throughout  the  valley  of  the 
Jordan,  and  also  by  the  Jews  of  Tiberias.  The  taste  is  a  little  like 
that  of  dried  apples. 

Zizyphus  lotus  seems  to  be  less  adapted  to  alkaline  ground  than 
Z.  spina-christi,  but  grows  on  the  most  arid  hills.  In  the  vicinity 
of  Tiberias  and  farther  south  and  east  it  is  the  only  bush  which 
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grows  on  the  black  basalts,  where  in  summer  a  burning  temperatux 
prevails. 

I  believe  that  Zizyphus  spina-christi  and  Z.  lottLS  may  be  of  grem 
value  as  stocks  for  Chinese  jujubes  or  t'saos  (Z.  sativa)  and  that  b 
their  use  we  can  extend  the  cultivation  of  this  fruit  to  regions  whex 
it  is  now  absolutely  impossible  on  account  of  excessive  dryness  c 
excessive  alkalinity  of  the  soil.  These  stocks  seem  to  me  to  be  espc 
cially  adapted  to  the  Imperial  Valley  of  California. 

Paliurus  spina-chriati. — Another  species  related  to  the  two  alread; 
mentioned  is  Paliurus  apina-chriatL  This  is  a  bush  10  to  13  fee 
high.  It  does  not  extend  so  far  south  as  the  two  preceding  species 
but  thrives  on  the  plateaus  of  upper  Galilee,  where  it  is  used  fa 
hedges  around  unirrigated  olive  plantations,  and  also  at  the  foot  a 
Mount  Hermon,  where  hedges  of  it  are  planted  around  irrigate! 
fields. 

This  species,  also,  should  be  tried  as  a  stock  for  the  Chinese  jujube 
It  is  adapted  to  less  arid  soils  than  Zizyphus  lotus  and  does  well  on 
those  having  a  considerable  degree  of  moisture  and  in  regions  when 
the  winters  are  relatively  severe. 

If  these  three  species,  Zizyphus  spina-christiy  Z,  lotus^  and  Pal- 
iurus spina-rhristi^  graft  readily  with  the  Chinese  jujube,  we  shall 
have  stocks  for  this  fruit  available  for  all  Jcinds  of  soil — moist,  arid, 
and  alkaline — and  for  both  high  and  low  altitudes — from  3,300  to 
4,000  feet  above  to  1,300  feet  below  sea  level. 

Pistacia  terehinthus  and  Pistacia  palaestina. — ^These  species  will 
furnish  stocks  for  Pistacia  vera,  the  true  pistache  nut,  a  crop 
which  can  be  made  of  great  value  in  the  United  States  but  which  has 
not  as  yet  been  much  cultivated  here.  Each  of  these  species  is  13  to 
26  feet  high  and  2J  feet  or  more  in  diameter.  They  are  found  in  all 
sorts  of  soil,  particularly  in  crevices  of  calcareous  rocks.  P.  palaes- 
Una  is  found  more  frequently  than  P.  terehinthus^  which  seems  to 
prefer  moister  soils.  The  former  grows  in  the  valley  of  the  Jordan 
and  extends  as  far  as  Petra  and  the  Arabah,  generally  in  slightly 
moist  sandstone  soils.  This  plant  is  especially  to  be  recommended 
for  the  vicinity  of  Indio  and  Mecca,  Cal. 

Pistacia  atlantica. — ^This  variety  has  proved  to  be  a  good  stock  for 
Pistacia  vera  (the  pistache),  and  I  believe  that  P.  terebinthtis  and 
P.  palaestinu  will  also  prove  valuable  and  should  be  imported  and 
tried  in  the  United  States.  The  male  flowers  of  P.  terehinthus  are 
often  used  in  Asia  Minor  for  the  pollination  of  P.  vera,  and  it  may 
be  that  in  this  way  we  can  increase  the  productiveness  of  P.  vera  in 
the  United  States,  where  hitherto  it  has  not  yielded  well. 

Amygdalus  communis. — ^The  wild  almond  is  very  common  in 
Palestine  and  Syria ;  that  is,  a  really  wild  almond,  not  one  that  has 
escaped  from  cultivation.     It  covers  a  very  extensive  area,  and  there- 
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b«  a  number  of  varieties  and  local  races  have  developed.  These 
rit  careful  study.  Some  are  found  in  the  cretaceous  and  num- 
pioltic  rocks  of  Samaria ;  others  prefer  the  basaltic  hills  of  Gaulani- 
^  etc  These  wild  almonds  are  plentiful  enough  to  furnish  an 
•rticle  of  commerce.  The  Bedouin  women  of  Gaulanitis  (Djolan) 
gather  the  bitter  almonds  and  carry  them  to  the  market  at  Damascus. 
We  get  wild  almonds  from  the  region  of  Nablus  (the  ancient  Shechem) 
from  which  to  grow  stocks  for  our  nurseries.  They  are  excellent 
Mocks  for  almonds  and  for  apricots  on  dry  and  nonirrigable  lands. 

AmygdcHus  orientalis. — ^I  believe  that  this  species  is  also  worthy 
of  being  recommended,  altl^ough  t  must  admit  that  I  have  had  no 
personal  experience  with  it.  It  is  common  on  Mount  Hermon,  and 
I  know  it  to  be  one  of  our  hardiest  species.  It  thrives  in  crevices 
of  rocks  looking  toward  the  east,  thus  being  exposed  to  the  hot,  dry 
winds  of  the  desert.  It  extends  to  altitudes  of  3,300  to  5,000  feet 
and  is  very  resistant  to  the  rigorous  winters  of  these  high  regions. 
It  is  therefore  one  of  the  best  species  to  test  as  a  stock  for  poor  soil 
in  barren  regions.  It  should  prove  valuable  in  Washington,  Ore- 
:g<Mi,  and  Colorado. 

Pruntis  microcarpa  and  Prunus  ursina. — All  that  has  been  said 
tbout  Amygdahis  orientalis  applies  also  to  P.  microcarpa  and  P. 
urnnaj  which  appear  in  the  same  localities  and  under  the  same  con- 
ditions. The  fruits  of  Prunus  microcarpa  are  slightly  bitter  but 
Tery  refreshing,  and  the  writer  has  often  enjoyed  them  when  tired 
out  from  long  walks  in  this  region.  The  seed  has  a  thin  shell  which 
is  easily  broken, 

Prunus  ursina  (bear  plum)  has  a  globular  fruit,  violet-red  or  yel- 
low when  ripe,  an  inch  in  diameter.  It  takes  its  name  from  the  fact 
that  bears,  said  to  be  formerly  numerous  on  Mount  Hermon,  but  now 
exceedingly  scarce,  are  very  fond  of  it.  It  is  also  eaten  by  the  shep- 
herds and  by  the  wives  of  the  peasants.  It  is  a  bush  6  to  10  feet  in 
height,  with  a  trunk  4  inches  to  1  foot  in  diameter. 

Prunus  cerasia. — ^This  shrub  is  very  interesting  on  account  of 
its  fruit,  which  is  quite  similar  to  the  damson  in  taste  and  ap- 
pearance. The  seed,  however,  is  longer  and  more  pointed.  The 
fruit  is  oval  and  one-half  inch  to  1  inch  in  length.  This  shrub  is 
cultivated  more  for  stock  than  for  its  fruit,  which  is  astringent  and 
not  very  agreeable.  It  is  possibly  the  prototype  of  the  cultivated 
damson.  This  seems  the  more  probable  from  the  fact  that  the  word 
"  damson  "  is  thought  to  have  been  derived  from  Damascus. 

Crataegus. — ^Among  other  species  of  Crataegus  the  most  im- 
portant is  Crataegus  azarolus  with  its  numerous  varieties  and  races. 
This  is  a  shrub  of  the  calcareous  hills  and  appears  only  on 
very  dry  lands.  If  undisturbed  it  grows  as  high  as  13  to  16  feet,  but 
its  branches  are  generally  hacked  off  for  fuel  by  Arab  women  or 
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mutilated  by  heavy  stones  thrown  by  the  boys  to  shake  down  th 
fruit.  Some  varieties  of  azarolus  have  fruit  as  large  as  a  larg 
cherry,  with  a  very  agreeable  acid  taste.  Although  they  are  sold  o 
the  markets  of  the  Orient,  they  would  not  be  marketable  in  Euroji 
or  America  because  of  the  large  stones,  as  in  the  case  of  the  loqui 
{Eriobotrya  japonica) ;  but  specimens  are  often  found  which  ai 
nearly  stoneless,  and  it  is  possible  that  this  character  could  be  fixed  b 
selection. 

For  fifteen  years  or  more  the  writer  has  used  Crataegus  azaroh 
as  a  stock  for  pears  with  excellent  results.  Top-grafted  at  2  to 
feet  above  the  ground,  it  develops  into  very  beautiful,  productive 
and  long-lived  dwarf  trees,  provided  the  grafting  is  done  with  ver 
early  varieties.  This  shrub  occurs  in  extremely  hot,  dry  places  an 
must  therefore  complete  the  greater  part  of  its  development  earl 
in  the  season.  Its  roots,  therefore,  are  unable  to  furnish  the  amoui 
of  sap  necessary  to  develop  pears  in  August.  If,  however,  it  i 
grafted  with  a  pear  which  fruits  in  May  or  June,  when  the  roots  o 
the  Crataegus  are  in  their  period  of  greatest  activity,  the  best  result 
are  obtained.  I  have  found  this  to  be  true  in  Palestine,  and  Ml 
Dumont,  near  Tunis,  who  has  grafted  hundreds  of  wild  Crataegc 
plants,  also  finds  that  he  is  successful  only  with  early  varieties  o 
pears. 

I  may  also  mention  Crataegus  ortentaiis^  having  a  large  an 
palatable  fruit,  and  Crataegus  ainaica.  Although  the  fruit  c 
this  species  is  scarcely  larger  than  a  pea,  with  a  dry  and  tasteles 
flesh,  it  will  grow  on  the  very  driest  lands.  All  of  these  species  o 
Crataegus  are  spiny.  They  are  par  excellence  the  stocks  for  pears  o: 
dry  lands  and  calcareous  ridges.  The  writer  speaks  only  of  pean 
because  he  has  experimented  with  them,  but  he  sees  no  reason  a  pri<» 
why  these  stocks  should  not  do  as  well  for  apples,  which  he  has  no 
as  yet  tried. 

Pyrus  syriaca, — This  wild  pear  ought  to  be  considered  alonj 
with  the  species  of  Crataegus.  It  would  be  adapted  to  an  evei 
greater  range  of  soil,  for,  though  the  Crataegus  species  appear  onl; 
on  very  porous  soils,  some  races  of  these  wild  pears  grow  in  ver 
humid  localities,  almost  swampy,  or  at  least  submerged  for  two  o 
three  months  of  the  year.  Pyrus  syriaca  is  a  shrub  13  to  20  fee 
high.  The  branches  of  young  plants  and  the  suckers  at  the  base  o 
the  trunks  of  old  trees  are  very  spiny,  but  there  are  no  thorns  at  th 
top.  The  fruit  is  a  favorite  with  the  peasants  and  shepherds.  I 
grows,  as  said,  on  damp  soils  at  sea  level;  it  is  also  found  in  tb 
forests  and  underbrush  on  hills  and  plateaus.  Sometimes  a  singl 
tree  stands  by  itself  without  any  protection  frwn  the  winds  and  th 
burning  sun.  It  grows  at  2,500  to  B,000  feet  altitude  on  the  Senoniai 
chalks,  as  well  as  on  the  dolomitic  and  nummulitic  limestones  o 
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upper  Galilee  and  also  at  3,300  feet  and  more  on  the  Jurassic  beds 
tnd  the  lower  Cenomanian  sandstones  of  the  slopes  of  Mount  Her- 
mon.  It  seems  to  the  writer  to  be  a  very  promising  stock.  It  was 
in  this  region  that  Kotschy  found  some  wild  pears,  which  were  so 
good  in  flavor  that  he  named  them  Pyrus  nobilis. 

FRUITS. 

In  addition  to  the  wild  types  which  are  excellent  for  stock  and 
may  yield  some  valuable  results  by  hybridization  and  selection,  we 
may  note  some  of  our  cultivated  fruit  varieties  which  would  be 
worth  trying  in  the  United  States. 

APBICOTS. 

The  almond  is  generally  used  as  stock  for  the  apricot,  except  in 
irrigated  orchards  such  as  those  in  the  region  of  Damascus,  where 
the  varieties  desired  are  grafted  on  "  Muschmusch  kelabi "  (dog 
apricot,  or  bitter-seeded  apricot).  Prunvs  spinosa  is  rarely  used  as 
stock,  and  then  only  in  northern  Syria. 

Syria  and  Palestine  have  a  great  number  of  varieties  of  the 
apricot.  I  have  secured  from  Damascus  alone  eight  varieties  for 
my  own  use.  There  is  a  difference  of  fully  two  months  between 
the  ripening  of  the  earliest  and  of  the  latest  varieties  in  this  one 
place  under  the  same  conditions  of  cultivation.  These  varieties 
differ  in  habit  of  growth,  productivity,  appearance,  and  taste  of 
fruit  Only  one  variety,  "  Muschmusch  kelabi,"  has  bitter  kernels ; 
the  kernels  of  all  of  the  others  are  sweet  and  are  eaten  like  almonds. 
The  annual  export  of  "  kelabi "  kernels  from  Damascus  alone 
averages  60,000  pounds.  Some  varieties  have  especially  good  ship- 
ping qualities.  They  are  packed,  without  being  wrapped,  in  boxes 
that  have  been  used  for  the  importation  of  Russian  petroleum.  They 
are  carried  upon  mules,  sometimes  for  two  or  three  days,  over  pre- 
cipitous, rocky  paths,  and  yet,  in  spite  of  all  this  and  of  their  being 
exposed  to  great  variations  of  temperature,  they  reach  the  markets 
in  excellent  condition. 

Other  apricots,  like  the  "  Tadmuri  "  (meaning  Palmyrian),  though 
splendid  fruits,  are  not  very  productive  and  would  not  stand  the 
conditions  just  described. 

The  "  kelabi "  is  used  only  for  the  manufacture  of  apricot  paste. 
Spread  in  a  thin  layer  and  dried  in  the  sun,  it  looks  like  a  piece 
of  leather.  It  is  treated  with  a  little  oil,  so  as  to  prevent  its  be- 
coming brittle.  It  can  then  be  rolled  up,  and,  being  very  easy  to 
carry,  it  forms  an  important  part  of  the  rations  of  the  Mohammedan 
soldier.  On  account  of  its  value  to  him  in  his  religious  campaigns  it 
is  called  **  Kamr-ed-din  "  (the  crescent).     This  paste  is  an  important 
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article  of  commerce,  and  I  shall  later  write  a  special  article  on  its 
preparation  and  uses.  Here  I  wish  only  to  say  that,  at  my  sug- 
gestion, some  experiments  in  its  manufacture  were  made  during 
the  present  year  in  the  Santa  Clara  Valley,  California,  and  with 
a  gratifying  degree  of  success.  It  is  therefore  not  impossible  that 
the  utilization  of  "  slab  "  apricots  in  making  this  paste  may  prove 
of  importance,  especially  during  years  when  there  is  a  large  per- 
centage of  low-grade  fruit.  This  may  result  in  the  establishment 
of  a  new  industry  for  the  utilization  of  apricots,  the  product  being 
shipped  to  the  mining  districts. 

QUINCES. 

The  quince  is  cultivated  in  different  regions  and  under  varioui 
conditions  of  soil  and  climate.  We  have  some  varieties  adapted  U 
irrigated  orchards  only ;  others  that  yield  fruit  on  the  cool,  but  drj 
plateaus  of  Samaria.  Some  varieties  have  fruit  edible  when  ripe 
others  are  always  astringent.  All  yield  a  beautiful  ruby-colors 
jelly  of  a  very  fine  flavor. 

P0MEQBANATE8. 

Pomegranates  are  extensively  cultivated  in  Syria  and  Palestine 
although  the  crop  is  not  one  of  great  commercial  importance.  The 
grow  in  wild  thickets,  having  escaped  from  cultivation,  and  are  ver 
drought  resistant.  Pomegranates  are  also  cultivated  in  almost  a 
orchards,  both  with  and  without  irrigation.  They  comprise  tw 
groups,  the  acid  fruited  and  the  sweet  fruited.  The  latter  include 
those  fruits  with  large,  hard  seeds  and  the  form  called  "  Malissi,"  i 
seedless.  As  a  matter  of  fact  they  have  seeds,  but  these  are  small  ai 
thin  shelled.  There  are  a  great  number  of  races  among  the  "  Malissi 
The  "  Bint-el-Bascha  "  (daughter  of  the  pascha)  grows  at  Gaza,  i 
southern  Palestine,  at  sea  level.  This  name  is  given  by  the  Arabs  i 
different  fruits  or  products  of  special  excellence.  These  varieties  ai 
found  on  deep,  Quaternary  soil  and  they  require  irrigation.  Th< 
have  been  famous  from  ancient  times  and  are  exported  to  Egypt  ar 
other  lands.  Er-Reineh,  a  christian  village  in  lower  Galilee,  b 
tween  Nazareth  and  Tiberias,  is  also  known  as  Um-er-Ruma 
(mother  of  the  pomegranate),  because  so  many  varieties  of  su< 
excellent  quality  are  produced  there.  They  grow  at  1,000  to  1,3 
feet  altitude  in  calcareous  soils.  The  pomegranates  of  Jericho  ai 
the  oases  are  much  liked.    They  grow  readily  in  very  alkaline  soi 

OLIVES. 

We  now  come  to  two  characteristicallj^  oriental  crops,  grown  the 
for  centuries  and  always  of  great  importance,  viz,  the  olive  aj 
the  fig. 
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In  spite  of  all  that  has  been  said  and  written  about  the  Oleastrum, 
the  Zeboudj  of  the  Kabyles  (Algeria),  the  writer  believes  that  it  is 
only  an  olive  escaped  from  cultivation.  The  wild  olive  certainly 
originated  in  the  hills  and  mountains  of  Syria  and  Palestine,  rather 
than  in  tho3e  of  Algeria.  At  any  rate,  there  are  different  varieties 
or  races  of  wild  or  half-wild  olives  in  our  hills  adapted  to  all  kinds 
of  soil  and  to  widely  different  climatic  conditions.  Though  they 
would  not  be  ranked  botanicallv  as  varieties,  there  are  three  distinct 
races  among  our  wild  olives  which  are  used  either  for  direct  planting 
or  in  our  nurseries. 

The  first  is  a  form  with  thin,  brittle,  blackish  bark.  This  form  is 
not  much  liked;  it  is  difficult  to  propagate,  grows  slowly,  is  hard  to 
graft,  and  the  fruit  produced  by  these  grafts  is  said  to  be  not  very 
rich  in  oil. 

Second,  there  is  a  form  with  waxy  green  bark.  This  is  easily 
propagated,  grafts  readily,  is  very  much  liked,  and  when  used  as  a 
stock  gives  a  very  large  yield  of  oil,  but  it  is  of  rather  slow  growth 
and  it  fruits  late. 

The  third  form  has  a  thick,  white  or  gray  bark,  which  separates 
readily.  It  is  particularly  well  adapted  for  grafting,  is  easily 
propagated,  grows  rapidly,  and  fruits  early.  It  is  said  that  the 
trees  of  this  race  do  not  live  as  long  as  those  of  the  preceding  one. 

All  of  this  information  is  not  guaranteed,  as  some  of  it  was  obtained 
from  the  Arabs,  but  that  part  which  relates  to  propagation,  growth, 
and  grafting  is  from  personal  observation. 

There  is,  as  is  to  be  expected,  a  great  multiplicity  of  forms  in  the 
cultivated  varieties  of  olives  (see  iSg.  4).  In  southern  Palestine  we 
have  olives  which  grow  under  much  the  same  conditions  as  the 
Chemlali  of  Sf ax  (Tunis) ,  the  soil  and  climate  being  about  the  same 
and  the  rainfall  as  limited.  I  may  note,  however,  that  the  varieties 
from  Gaza^  Ramleh,  or  Lydda,  which  grow  in  southern  Palestine  on 
Quaternary  soil,  do  not  contain  the  excess  of  margaric  acid  which  is 
characteristic  of  those  from  Sfax.  This  is  a  great  defect  in  those 
varieties  and  is  the  cause  of  their  oil  being  rated  as  inferior.  To  be 
sure,  the  oil  of  southern  Palestine  is  also  rancid  and  mediocre  in 
quality  when  prepared  in  the  Arab  fashion,  but  excellent  when  well 
prepared. 

Just  as  the  name  "  Chemlali "  is  applied  in  Algeria  and  Tunis  to 
several  different  forms,  so  also  in  Palestine  the  name  "  Nabali "  has 
a  somewhat  indefinite  use.  The  Nabali  of  Et-Tireh,  near  Haifa,  grow- 
ing on  calcareous  Cenomono-Turonian  formation,  and  the  Nabali  of 
southern  Palestine,  growing  on  Quaternary  soil,  are  altogether  differ- 
ent. The  first  is  richer  in  oil  and  is  of  superior  quality.  One  form 
in  this  locality  is  particularly  in  demand  because  it  is  more  productive 
and  yields  more  oil,  and  that  also  of  a  finer  quality.    But  we  are  not 
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sure  that  this  difference  is  really  one  of  variety;  the  superiority  i: 
probably  due  to  the  soil.  The  villages  of  Et-Tireh,  Ijzim,  and  Ail 
Ghazal  (mother  of  pnzelles),  in  the  foothills  of  Mount  Carmel,  ar 
i-enowned  for  this  superior  olive.  All  the  trees  reported  from  then 
were  found  to  grow  in  rich  land  made  up  of  volcanic  tufa  and  disin 
tegrated  basalts  from  the  old  eruptions  of  the  Secondary  epot-h. 

Er-Rameh,  in  upper  Galilee,  1,300  to  2,000  feet  in  altitude,  hold 
the  record  for  the  productivity  and  quality  of  its  olives.  There  i 
here  a  fair  degree  of  uniformity  in  the  character  of  the  fruit,  ant 
the  best  methods  of  cultivation  in  the  country  are  here  in  use. 

A  number  of  other  varieties  are  found  in  the  region  of  Damascus 
The  altitiidp  here  is  2.000  to  2.300  feet,  and  the  winters  are  rathe 
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scvei-e.  Some  of  tbese  varieties  are  especially  rich  in  oil ;  others  par- 
ticularly well  adapted  for  table  use.  The  only  one  called  "Damas- 
cus "  olive  remains  green  in  color  until  ripe  and  is  preserved  simply 
by  means  of  lye  made  of  ashes.  It  iw  often  as  large  as  a  pigeon's  egg. 
larger  than  any  of  the  Spanish  "'  aceitunas  Sevillanas  "  or  "  aceitunas 
de  la  Ileina  "  that  I  have  ever  seen. 

As  the  winters  are  mild  in  tlie  particular  regions  where  I  have  car- 
ried on  my  work,  I  have  studied  the  resistance  of  our  forms  and 
varieties  in  relation  to  heat  and  drought  rather  than  to  cold.  But  as 
there  are  varieties  growing  in  parts  of  Palestine  where  the  winters 
are  severe  I  liuve  no  reiison  to  doubt  that  there  are  forms  among  these 
which  will  grow  well  in  those  parts  of  California,  Texas,  etc.,  where 
winter  temperatures  are  relatively  low.     In  fact,  our  olives  extend 
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through  a  vertical  range  of  nearly  6,500  feet.  They  grow  under  irri- 
gation at  Abedieh  and  Jericho,  in  the  valley  of  the  Jordan,  at  650  to 
850  feet  below  sea  level.  They  are  commonly  cultivated  at  Hermon 
and  at  Lebanon,  4,000  to  5,000  feet  in  altitude,  where  the  winters  are 
long  and  relatively  severe.  In  upper  Galilee — in  the  region  of  Safed, 
tar  instance — at  an  altitude  of  2,000  to  2,500  feet,  it  is  claimed  that 
low  winter  temperatures  increase  the  olive  crop ;  for  it  is  stated  that 
whenever  the  winters  are  cold  (that  is,  the  temperature  reaches  14° 
to  18**  F.)  the  crop  is  always  abundant.  If  this  generally  accepted 
opinion  is  true  the  increased  production  is  to  be  attributed,  according 
to  my  opinion,  not  to  any  beneficial  effects  of  cold  upon  the  tree  but  to 
the  fact  that  such  low  temperatures  probably  kill  most  of  the  parasites, 
particularly  the  olive  scale  {Lecanium  oleae) ,  This  is  very  prevalent 
and  the  people  know  no  way  of  combating  it. 

FIGS. 

Though  the  fig  is  not  cultivated  to  so  great  an  extent  in  Palestine 
as  in  Smyrna,  it  is,  nevertheless,  a  very  important  crop,  particularly 
in  upper  Galilee,  where  the  population  is  very  dense  and  labor  is 
eheap.  There  are  a  great  number  of  varieties  there — some  with  black 
fruit,  others  with  green,  and  still  others  with  pink.  Some  of  these 
figs  can  be  used  only  while  fresh.  These  are  not  very  extensively 
raltivated,  there  being  practically  uq  shipping  facilities.  Other 
▼arieties  are  dried  and  pressed  and,  to  some  extent,  shipped  abroad. 
They  are,  however,  chiefly  consumed  by  the  Bedouins,  whose  liking 
ior  "kutteins"  (dried  figs)  is  proverbial.  These  people  are  not  at 
an  critical,  so  that  no  effort  has  been  made  to  improve  the  methods 
of  preparing  this  product  or  to  study  the  best  varieties  for  cultivation. 

It  is  our  wild  figs,  however,  rather  than  our  cultivated  varieties, 
that  will  probably  prove  of  the  greatest  value  in  the  United  States. 

Ficus  carica. — This  species  and  its  numerous  varieties  grow  wild 
abundantly  in  the  crevices  of  rocks.  The  openings  of  the  numerous 
mountain  caves  are  generally  shaded  by  these  wild  trees.  In  the 
valley  of  the  Jordan,  in  the  neighborhood  of  Fusail,  there  are 
patches  of  humid  soil,  of  a  black  color  generally,  characteristic  of 
the  injurious  carbonates.  The  wild  figs  nevertheless  grow  there, 
showing  that  they  are  particularly  resistant  to  alkali.  This  fact 
should  make  them  a  valuable  stock  in  California.  The  Smyrna  fig 
has  been  established  in  California,  but  this  variety  does  not  show  a 
great  degree  of  resistance  to  alkali.  I  firmly  believe  that  the  local 
races  growing  in  Palestine  on  alkaline  soils  w^ill  be  of  great  value 
as  stocks  to  the  fig  growers  of  California.  I  say  "  races  "  rather  than 
"varieties"  because  the  use  of  this  latter  word  has  been  so  much 
abused  by  some  authors. 
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Ficus  pseudo-sycom.orus.^-This  species  is  not  very  abundant.  It 
grows  on  the  edges  of  cliffs  and  at  the  entrances  of  caverns  in  the 
desert,  and  it  is  especially  resistant  to  drought  and  alkali.  I  do  not 
know  that  it  has  ever  been  tried  as  a  stock,  but  I  do  not  hesitate  to 
recommend  it  for  introduction  and  experiment. 

Firva  8ye<ymoru8. — This  tree  (see  figs,  S  and  6)  deserves  our  atten- 
tion.    It  is  a  native  of  India  and  grows  all  along  the  Palestine  coast 
as  far  north  as  Beirut.     It  is  very  drought  resistant,  and  in  southern 
Palestine  grows  to  a  considerable  size.     Its  wood  is  highly  valued 
on  account  of  its  great  density  and  the  size  of  the  trunks.     It  is 
used  particularly  to  make  sledges  for  tha.shing.     But  it  is  the  use  of 
the  fruit  as  forage  which  should  make  it  of  value  for  certain  parts 
of  the  United   States. 
Although  it  is   of  in- 
ferior   quality,     it    is 
greedily  eaten  by  the 
Bedouins.      Tlie     tree 
yields  very  abundantly, 
the   fruit  covering  all 
of    the    old    branches 
and  even  the  trunk.     It 
has  several    successive 
flowering  periods,  and 
the  Arabs  say  that  the 
"  Djemeiz  "  gives  seven 
harvests  a  year.     The 
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which  is  tolerably  rich  in  sugar,  would  lie  in  arid  regions  an  excellent 

food  supply  for  sheep  and  hogs.     The  tree  grows  well  on  dunes. 


At  the  present  time  date  cultivation  in  Palestine  is  not  of  any 
great  economic  importance.  But  this  has  not  always  been  the  case. 
In  biblical  times  Jericho,  in  the  valley  of  the  Jordan,  about  600  to 
700  feet  below  tlic  level  of  the  sea,  was  called  the  "  City  of  Dates." 
At  the  l)eginning  of  the  Christian  era,  when  Tiberias  and  its  environs 
were  the  Riviera  of  that  time  and  when  the  prince-s  and  princesses 
of  the  Orient  went  there  to  si>end  the  winters,  the  city  of  MagdaU 
was  celebrated,  not  only  for  its  establishments  for  cleaning  and  dye- 
ing the  valuable  costumes  of  its  noble  visitors,  but  still  more  for  the 
delicious  early  dates  which  it  produced. 

To-day  the  cultivation  of  the  date  in  the  valley  of  the  Jordan  is  of 
no  importance  whatever.     Only  the  village  of  Abadieh  still  has  a 
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few  date  trees  of  a  local  variety,  the  fruit  of  which  is  of  good  quality. 
But  the  people  who  are  establishing  new  plantations,  instead  of 
propai^atiiig  this  local  variety,  prefer  to  send  to  Egypt  or  Bagdad 
and  bring  from  a  distance  and  at  great  expense  plants  which  are 
really  of  less  value  than  the  local  product. 

There  are  two  places,  however,  where  the  old  date  plantations  have 
not  enl  irely  died  out.  The  fir^t  is  east  of  the  Dead  Sea  in  the  Valley 
of  Zerka  Maain,  the  ancient  Calirrhoe,  once  celebrated  for  its  hot 
baths,  frequented  by  King  Herod.  Here  thousands  of  date  trees 
grow   Tvild  in  crevices 


I 
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f  arid  sandstone  COO 
to  800  feet  below  sea 
level,  in  narrow  gorges 
intensely  hot  and  dry, 
where  the  soil  is  ex- 
tremely alkaline. 

The  second  place  is 
farther  north,  in  the 
valley  of  the  ancient 
Hieromo.x,  r>00  to  COO 
feet  below  sea  level, 
in  a  marsh  formed  by 
several  hot  springs, 
with  a  temperature  of 
ns°  to  1R3°  F.  Here 
these  wild  dates  form 
a  veritable  jungle, 
probably  one  of  the 
few  places  of  its  kind 
in  the  world. 

Tlie  historical  ac- 
counts which  vouch 
for  the  quality  of  the 
'lutes  produced  in  these 
regions  furnish  proof 
that  the  cultivation  of 
lliis  fruit  can  be  made  profitable  in  such  localities,  and  we  may  reason- 
ably expect  that  the  variety  found  in  and  around  the  valley  of  the 
Jordan  may  be  of  value  for  certain  similar  localities  in  the  San 
■Joaquin  Valley. 

-Vlong  the  coast  of  Palestine,  in  sandy  soils  and  on  the  edges  of 
Junes,  the  date  is  here  and  there  cultivated,  especially  in  irrigated 
on'harda  and  gardens.  The  ordinary  varieties,  however,  do  not  ripen 
without  artificial  aid,  and  to  this  end  the  Aralw  wrap  the  bunches 
"f  fruit  in  cloths  soaked  in  vinegar.     These  cloths  are  kept  coustsintly 
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moist.  Whwi  tlie  wrapping  of  the  fruit  is  discontinued  the  datet 
have  changed  from  a  black  or  chocolatw  color  io  an  amber-yellow  aud 
have  lost  their  astringent  taste,  the  tnnnin  having  probably  been 
rendered  insoluble  by  the  acetic  vapor." 

It  is  probable,  as  suggested  by  Mr,  Fairchild  and  Mr.  Swingle. 
that  the  Japanese  method  of  artificially  ripening  persimmons  bj 
putting  them  in  barrels  that  have  contained  "  saki  "  is  based  on  this 
same  principle,  and  that  the  ostringency  of  the  fruit  is  overcome  in 
this  case  also  by  acetic  vapor. 

GRAPES. 

Though  the  religion  of  the  Mohammedans  forbids  the  use  of  wine, 
they  cultivate  grapes  extensively  and  have  developed  a  great  number 


of  varieties.  (See  fig.  7.)  Before  the  German  and  Jewish  coloniza- 
tion began  in  Palestine,  grapes  were  cultivated  chiefly  for  table  use 
and  for  raisins. 

For  the  most  part  the  Mohammedans  have  propagated  varieties 
that  are  not  very  juicy,  having  hard  flesh  and  strong  skins,  as  the 

"When  I  vlsUt^  TucsiHi,  Ariz.,  on  Septfinilicr  27,  lOOll,  I  hail  the  ploaauiv  of 
cKiilalniiit;  this  iirocess  to  I>i)ctor  Vinson,  of  the  University  of  Arizona.  He 
begun  liiinio«1luti>ly  to  oxiierlmeiit  iilODg  tliia  line,  and  I  am  very  iiuich  grntlflei] 
■with  the  BiiwcsB  w-enred  Uy  lilin.  See  rejiort  of  his  es|ieriinenls  in  Science, 
n.  a.,  vol.  30,  no.  774,  pp.  004-«(>.'").  I  lielleve  that  this  proi'esa  of  artificliil  rl|)en- 
In);  on^lit  to  bo  exiierliiientoil  with  in  other  States  where,  as  In  Arizona,  there 
Is  diUlouliy  In  p'ttlni;  ciTlaln  varieties  of  dates  to  ripen. 
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fruit  often  has  to  be  caiTied  for  dajs  on  the  backs  of  <]oiikp,V5  or 
camels  before  it  reaches  its  nomadic  consumers  or  the  people  of  far- 
di^ant  villageti    Our  varieties  are  therefore  rather  tlistingiiislied  for 
size,  richness  in  sugar   (habitually  more  than   18°   lie.),  and  good 
shipping  qualities  than  for  fineness  of  flavor.    The  grapes  not  eaten 
fresh  are  made  into  raisins,  and  the  vicinity  of  Hebron,  near  Jeru- 
salem, and  more  particularly  of  Es-Salt,  in  the  Tranw-Jordan,  aw  the 
great  centers  of  raisin  production,  producing  about  a  hundred  thou- 
sand dollars'  worth  every  year. 
These  places  are  at  an  altitude 
of  more  than  2,500  feet,  and  the 
grapes  are  grown  on  calcareous 
hillsides     of    Cenomanian    and 
Senonian  formation. 

i     A  study  of  the  vineyards  of 

!  Palestine  would  no  doubt  reveal 
many  varieties  that  would  be 
valuable  to  the  United  States. 
Mr.  George  C.  Husmann,  Pomol- 
o^t  in  Charge  of  Viticultural 
bi vest igat ions,  Bureau  of  Plant 
Industry,  sa3's  that  among  the 
hundreds  of  table  varieties  with 
which  he  has  been  experiment- 
ing for  years  he  considers  the 
Palestinian  "Dattier  de  Beirut" 
the  best  white  grape  and  the 
"Purple  Damascus"  one  of  the 
best  black  varieties.  And  yet 
neither  of  these  is  among  our 
finest  Palestine  sorts. 

I 


All     of     the     crops    mentioned       n,,.    h— SicdUcx    oranw    tr^is    at    iicdira, 

have    been    cultivated    for   cen-        i^''"""  "'""  "  "'^   •"  "i-ik*""' !»«  new 
turies  in  the  Orient,  but  oranges 

were  introduced  there  at  a  relatively  recent  date.  (See  fig.  8.) 
Hasselquist.  a  pupil  of  Linnwus,  who  whs  the  first  naturalist  to 
study  Palestine,  in  the  middle  of  the  eighteenth  century,  speaks 
of  the  beautiful  gardens  of  figs  and  pomegranates  at  Jaffa,  but  has 
not  a  word  to  say  about  oranges.  This  silonco  is  si{;nificant.  But 
at  the  time  of  Napoleon's  Egyptian  campaign,  at  the  close  of  the 
eighteenth  century,  the  orange  was  mentioned  among  the  fruit  trees. 
Chateaubriand,  who  traveled  in  the  beginning  of  the  nineteenth 
oentury,  also  speaks  of  this  fniit.    Ivamartine,  visiting  Palestine  in 
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October,  1832,  praises  the  beauty  and  quality  of  the  Jaffa  orange, 
but  speaks  of  having  seen  the  flowers  and  the  golden  fruits  at  the 
time  of  his  visit.  Now,  at  this  season  of  the  year  it  was  too  late  foi 
the  trees  to  have  been  in  bloom  and  not  late  enough  for  the  fruife 
to  be  ripe.  This  and  other  errors  of  observation  cause  me  to  doubl 
the  value  of  the  poet's  description  from  the  point  of  view  of  th< 
naturalist  and  agriculturist,  although  its  value  as  literature  is  un« 
questioned. 

At  any  rate,  in  the  second  half  of  the  nineteenth  century  the 
Jaffa  orange  was  known  in  the  markets  for  its  superior  quality.  It 
was  exported  by  sailing  vessels  all  along  the  Syrian  and  Egyptian 
coasts.  Its  thick  skin  made  it  a  good  shipper,  and  it  was  carried 
as  far  as  Constantinople  and  into  Greece.  It  was  not  lintil  1875  oi 
thereabouts  that  it  was  exported  to  England,  while  to-day  Liverpool 
alone  takes  about  500,000  to  600,000  cases  of  the  700,000  or  800,OOC 
that  are  annually  exported. 

I  have  not  been  able  to  learn  the  origin  of  this  variety,  which  is 
cultivated  only  at  Jaffa.  In  form  it  is  very  similar  to  the  Malta 
orange,  and  it  is  possible  that  it  is  remotely  descended  from  that 
variety;  but  it  is  not  a  blood  orange,  despite  its  marked  affinity  to 
that  group. 

The  Jaffa  orange  is  one  of  the  largest,  larger  even  than  the 
Washington  Navel.  Its  form  is  obovate,  its  skin  very  thick,  and  its 
fruit  seedless.  The  tree  is  not  spiny,  and  the  fruit,  therefore,  is  never 
scarred.  Its  shipping  qualities  are  excellent.  It  is  packed  with  very 
little  care  as  compared  with  the  methods  used  in  California.  The 
cases  are  thrown  violently  into  the  steamers,  and  they  are  often 
carried  for  three  weeks  without  refrigeration  and  subjected  to  the 
greatest  extremes  of  temperature;  and  yet  the  oranges  reach  the 
English  markets  in  good  condition  and  command  good  prices.  It  is 
at  least  a  month  from  the  time  they  are  picked  until  they  are 
purchased  by  the  wholesale  dealer,  and  during  all  of  that  time  they 
are  without  cold  storage. 

Not  only  is  this  orange  peculiar  to  Jaffa,  but  peculiar  methods  of 
cultivation  and  peculiar  stocks  are  there  in  use.<»  The  Schamouti, 
as  the  Jaffa  orange  is  called,  is  generally  grafted  on  a  special  sweet 
lime,  which  I  have  not  found  either  in  Africa  (Algeria  and  Tunis) 
or  in  the  United  States.  It  is  sometimes,  though  more  rarely,  grafted 
on  the  bitter  orange  (Citrus  aurantium).  This  is  not  so  well  liked, 
because  it  requires  more  inngation  and  is  later  in  fruiting. 

I  must  add  that  the  Jaffa  oranges  which  I  saw  in  Tunis  and  Algeria 
and  those  grown  in  America  and  illustrated  in  American  iDublications 

«  See  Aaron sohn  ami  Soskin,  I)io  Oranjuen pi r ten  von  Jaffa,  Der  Trojienpflanzer, 
Berlin.  11K)2. 
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have  very  little  resemblance  to  the  real  Jaffa  orange.    They  are  rep- 
resented as  having  seeds,  while  the  true  Jaffa  orange  is  seedless. 

Saida,  the  ancient  Sidon,  is  another  center  of  orange  production. 
ifany  different  stocks  are  ysed,  and  several  varieties  of  oranges  are 
known.  Two  of  these  are  blood  oranges,  one  called  "  Damaoui " 
(blood)  and  the  other  "  Hutmali  "  (meaning  "  ringed,"  because  it  has 
a  ring  around  the  base).  These  two  varieties  are  very  popular.  The 
^•Beledi"  (seedling)  is  also  grpwn.  This  commonly  yields  three 
thousand  fruits  to  the  tree,  and  sometimes  as  many  as  five  thousand. 

FORAGE   PLANTS. 

Stocks  and  fruit  trees  are  not  the  only  interesting  things  in  the 
Palestine  flora.  It  contains  some  very  valuable  forage  plants.  This 
may  seem  to  be  strange  in  a  country  which  suffers  from  a  lack  of 
forage,  but  this  is  due  to  the  fact  that  the  people  do  not  cultivate  the 
plants  they  have  at  hand. 

The  LeguminossB  must  be  considered  first.  In  this  family  we  find 
one  of  the  most  valuable  forage  plants  in  existence  for  semiarid  re- 
gions, the  importance  of  which  for  this  purpose  has  not  been  suffi- 
ciently appreciated.  This  is  the  carob  tree,  sweet-pod,  or  St.  John's 
bread  (Ceratonia  siliqua). 

The  carob  tree  is  not,  properly  speaking,  a  native  of  arid,  desert 
regions.  It  grows  20  to  25  feet  in  height,  with  a  trunk  as  much  as 
40  inches  in  diameter.  A  tree  25  to  30  years  old  yields  about  45(5  to 
550  pounds  of  pods.  I  have  seen  wild  stock,  15  or  18  years  after 
grafting,  that  yielded  900  to  1,100  pounds  of  pods  in  good  years, 
although  a  good  average  is  450  pounds  to  the  tree.  Counting  twenty 
trees  to  the  acre,  this  gives  more  than  8,000  pounds  of  pods  to  the 
acre.  The  pods  contain  40  per  cent  of  sugar — even  more  in  good 
varieties — and  7  to  8  per  cent  of  protein,  so  one  can  readily  see  why 
we  rank  it  at  the  head  of  all  forage  plants. 

An  acre  of  carob  trees  upon  arid  soil  yields  a  much  greater  quantity 
of  food  matter  than  an-  equal  area  planted  with  the  best  alfalfa.  The 
food  value  of  the  carob  has  been  known  for  a  long  time.  It  is  the  basis 
of  the  fodder  of  the  English  cavalry  horses  at  Malta  and  of  the  horses 
belonging  to  the  tramway  company  of  Naples.  It  is  among  the  chief 
exports  from  the  island  of  Cyprus,  and  the  growing  of  carob  trees  is 
one  of  the  best  sources  of  income  on  the  island,  for,  once  started,  the 
tree  continues  to  yield  for  many  years.  In  this  respect  it  is  similar  to 
the  olive,  which  grows  in  the  same  localities,  but  it  is  generally  ad- 
mitted that  the  carob  can  not  stand  so  arid  a  soil  as  the  olive,  as  it 
requires  more  moisture  in  the  subsoil.  However,  on  this  point  also 
there  are  differences  between  the  local  races,  there  being  some  which 
will  stand  a  considerable  degree  of  aridity.     There  are  several  wild 
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carob  races  and  a  few  cultivated  ones  that  should  be  tested  by  th 
Bureau  of  Plant  Industry. 

There  are  few  crops  so  well  adapted  as  the  carob  to  agricultura 
conditions  in  certain  parts  of  the  United  States.  The  tree  demand 
little  care,  requires  almost  no  pruning,  does  not  need  to  be  cultivate 
frequently,  and  has  not  so  far  shown  any  disease  demanding  treat 
ment.  It  seems  to  me  to  be  the  ideal  forage  plant,  as  it  gives  a  higi 
yield  with  very  little  labor.  It  should  succeed  in  California  and  ii 
parts  of  Arizona  and  Texas. 

There  are  many  of  our  Leguminosa;  that  should  prove  very  inter 
esting.  We  shall  probably  learn  to  value  many  species  found  amon^ 
the  Galegeae  and  I^otea?,  and  in  the  genera  Vicia,  Hedysarum,  an< 
Trifolium,    For  the  sake  of  brevity  I  shall  mention  only  one  species 

There  are  good  reasons  for  believing  that  berseem  ( Trifolium  cHex 
endrinum)  originated  in  Palestine,  though  we  do  not  know  dei&niteb 
where  it  was  first  cultivated.  But  it  grows  wild  there,  as  does  al« 
Trifolium  carmeli^  which  differs  from  it  only  in  slight  botan 
ical  characters.  Moreover,  Trifolium  panormitanum  and  Trifolinny 
supinum^  very  closely  related  to  T.  alcxandrinum^  grow  wild  in  Pales 
tine.  The  fact  that  this  whole  group  of  closely  related  species  growi 
wild  in  this  region  seems  to  indicate  that  they  originated  here.  Al 
any  rate,  the  cultural  value  of  these  species  needs  to  be  studied. 

Though  berseem  is  a  very  valuable  local  plant,  it  is  little  cultivatec 
hy  the  natives,  being  grown  chiefly  by  German  and  Jewish  colonists 
It  is  sown  with  barley  in  the  autumn  along  the  coast,  where  the  rain 
fall  is  as  low  as  14  to  16  inches  per  annum.  It  is  of  course  grown 
without  irrigation  and  gives  two  cuttings  in  the  spring.  In  som< 
Aery  rainy  years  berseem  yields  three  cuttings,  or  at  least  a  good 
aftermath  following  the  second  cutting.  After  being  pastured,  the 
berseem  is  plowed  under  and  forms  an  excellent  green  manure  for  a 
succeeding  cereal  crop.  Egj'ptian  berseem,  grown  under  the  same 
conditions  of  soil  and  climate,  was  found  to  be  not  nearly  so  good  as 
our  native  races,  and  the  latter  should  be  carefully  studied  with  a 
view  to  introduction. 

I  wish  also  to  mention  the  Palestine  saltbushes  for  alkaline  soils, 
particularly  A  triplex  pales tina  and  A.  halimua^  as  well  as  A.  leuco- 
clada.  The  last  grows  from  3  to  6  feet  high,  but  is  so  eagerly  browsel 
by  sheep  and  camels  that  it  is  difficult  to  secure  even  good  herbariuiB 
specimens, 

ANNUAL  CROPS. 

The  greater  the  number  of  crops  a  farmer  has,  the  greater  the 
possibilities  of  crop  rotation.  Moreover,  under  such  conditions  he 
can  farm  with  less  risk  than  if  he  cultivated  only  a  few  crops  and 
can  make  better  use  of  his  workmen,  animals,  machines,  etc.    So  I 
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think  it  is  worth  while  to  mention  two  crops  practicnily  new  to  the 
L'nited  States,  the  chick-pea  or  garbanzo  (Cicer  anetinum)  and  the 
{Seaamum  orientale). 


Chick-pea. — The  chick-pea   (fig.  9)   is  one  of  the  most  valuable 
legumes  grown  in  Palestine.     It  does  not  demand  such  cnrefid  prep- 


J 


Fio.  0. — Brancli  ot  plant  at  chlrk-pi 
The  »«rl*tj  with  rosp-colorpd  do 
those  ot  ibe  white-flowerpd  vnrlpf 


aration  of  the  soil  as  sesame,  and  in  good  jL'ary  it  yields  12  bushels 
to  the  acre.     It  sells  for  as  ranch  as  wheat,  and  often  for  more.     It  is 
therefore  a  remunerative  crop  and  is  excellently  adapted  for  use  as  a 
I   rotation  crop  before  wheat. 
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There  are  several  sorts  of  chick-peas  to  be  considered.  Those  o 
southern  Palestine  are  different  from  those  of  central  Palestine,  aiv 
the  plateaus  of  upper  Galilee  and  farther  north  produce  still  differ 
ent  types.  In  the  southern  part  of  the  country  the  chick-pea  doe 
well  with  a  rainfall  of  16  inches  or  even  less.  I  know  from  persona 
experience  that  these  races  do  not  grow  well  under  irrigation.  On  th 
other  hand,  in  the  north  there  are  races  growing  at  4,000  to  5,000  fee 
altitude,  where  the  yearly  rainfall  is  as  much  as  40  inches,  which  ar 
nevertheless  liberally  irrigated  with  water  derived  from  the  meltin, 
snows  of  Mount  Hermon. 

As  there  are  in  Palestine  no  bean  harvesters  like  those  used  h 
the  United  States,  chick-peas  are  gathered  by  hand,  the  plants  be 
ing  pulled  up  by  Arab  women.  The  stems  of  this  plant  growioj 
in  southern  Palestine  are  very  corrosive  and  attack  the  hands  o 
the  workers.  I  have  thought  that  it  would  be  a  good  idea  to  intra 
duce  cultivated  varieties  from  the  Crimea  and  the  Caucasus.  Thes 
have  erect  stems,  so  that  they  can  be  harvested  with  mowers ;  they  hav 
scarcely  any  corrosive  quality  and  could  be  harvested  by  hand,  bw 
can  not  resist  drought.  The  leaves  and  stems  of  the  Palestine  chid 
pea  are  corrosive  because  they  are  covered  with  crystals  of  oxalate 
and  other  hygroscopic  salts  which  probably  absorb  to  some  exten 
the  moisture  in  the  air ;  so,  no  matter  how  dry  the  night  may  be, 
field  of  chick-peas  always  glistens  with  drops  of  water  in  the  morn 
ing.  Is  it  this  condensation  of  atmospheric  humidity  which  enable 
the  plant  to  resist  drought,  while  the  Russian  plant,  not  provide 
with  this  means  for  obtaining  moisture,  does  not  grow  at  all  or  ^v€ 
a  poor  yield? 

The  importance  of  choosing  a  race  may  be  illustrated  by  anothc 
example.  Some  years  ago  a  little  Jewish  colony  was  founded  sout 
of  Tiberias  about  650  to  800  feet  below  sea  level.  The  soil  was 
gypsum  marl,  the  annual  rainfall  about  1^  feet.  The  Arabs  ha 
cultivated  only  winter  cereals,  such  as  wheat  and  barley,  asserting 
that  no  summer  crop  could  grow  there  without  irrigation.  The 
cultivated  chick-peas  at  Tiberias,  but  only  in  kitchen  gardens.  Thes 
latter  were  sown  in  winter  in  well-sheltered  places,  so  as  to  profit  b; 
the  winter  rains.  They  came  from  Safed,  scarcely  12  miles  away, 
locality  with  twice  as  much  rainfall  and  3,300  feet  higher  in  altitude 
I  advised  my  brother,  established  in  this  colony,  to  try  a  variet 
of  chick-pea  not  so  well  liked  as  that  from  Safed  but  coming  froi 
a  place  where  the  conditions  were  more  like  'his  own.  The  succes 
of  the  first  year  surpassed  all  expectations.  The  neighboring  colon 
ists,  seeing  this,  hastened  to  plant  large  areas  with  this  chick-pea. 
feared  that  they  were  planting  on  too  large  a  scale  and  tried  t 
prevent  their  doing  so.  But  their  experiment  was  so  successful  tha 
the  chick-pea  is  now  one  of  the  common  crops  of  this  colony,  an< 
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every  year  some  hundreds  of  acres  are  sown  in  this  locality  where 
five  to  seven  years  previously  its  cultivation  was  considered  im- 
possible. 

The  chick-pea  will,  I  think,  do  well  in  the  dry-farming  regions 
of  the  United  States,  and  if  its  cultivation  is  properly  developed  it 
should  become  a  more  important  crop  than  the  Lima  bean. 

Sesame. — The  sesames  of  Palestine  are  of  most  excellent  quality. 
In  the  markets  of  Marseille  and  of  Germany  they  pay  a  special  price 
for  the  Haifa  sesame.  This  is  preferred  to  the  sesame  of  Jaffa  or 
the  Ghor  (the  Arab  name  for  the  valley  of  the  Jordan),  for  at  Haifa, 
as  we  shall  see,  a  local  race  has  been  developed  under  quite  different 
ocmditions. 

The  soil  must  be  well  prepared  for  sesame.  For  the  best  results 
it  should  be  pulverized  until  "  as  fine  as  ashes."  Sesame  is  generally 
8own  about  the  time  of  the  barley  harvest — that  is,  about  the  end  of 
April  or  the  beginning  of  May,  after  the  rains  have  stopped — for  the 
Arabs  have  noticed  that  sesame  germinates  very  irregularly  if  rain 
follows  immediately  after  the  sowing.  They  explain  that  this  is 
because  the  oil  in  wet  seed  becomes  rancid  and  therefore  prevents 
germination.  Although  they  have  observed  the  fact  correctly  they 
bave  assigned  a  wrong  interpretation.  The  real  reason  is  that  as 
after  a  rain  a  crust  forms  over  the  pulverized  soil,  the  feeble  sesame 
plants  are  not  strong  enough  to  break  through  it,  so  that  the  stand 
is  irregular  and  too  sparse.  The  Arab,  who  knows  nothing  about 
flarrowing,  does  not  know  how  to  break  up  this  crust.  By  harrow- 
ing we  were  able  to  sow  sesame  earlier  and  thus  to  have  the  benefit 
of  the  last  rains.  However,  although  the  Arab  tries  to  sow  his 
Rsame  only  after  the  rains,  it  grows  as  it  gets  sufficient  moisture  from 
Vater  stored  up  in  the  soil.         ♦ 

South  of  Jaffa,  where  the  rainfall  is  not  more  than  14  to  16  inches, 
the  sesame  is  grown  upon  sandy  clayey  soils.  At  Haifa  the  rainfall 
averages  more  than  24  inches  and  sesame  is  grown  on  rich  ground  of 
Volcanic  origin,  so  that  a  very  different  race  and  one  of  a  much 
[better  quality  is  developed  there.  In  the  valley  of  the  Jordan  the 
lUtaation  is  still  different.  There,  after  barley  or  wheat  has  been 
harvested  and  the  ground  copiously  irrigated,  the  sesame  is  sown  on 
well-prepared  soil.  It  grows  without  any  further  irrigation,  under  a 
torrid  sun  and  in  an  alkaline  soil,  but  here  the  reserve  of  water  stored 
ap  in  the  soil  is  greater  than  at  Jaffa  or  Haifa.  We  see,  then,  that 
aoder  different  conditions  local  races  adapted  to  such  conditions  are 
developed,  and  this  indicates  to  us  how  much  care  and  study  is  necCvS- 
aary  when  we  introduce  new  plants  into  strange  surroundings. 

I  do  not  believe  that  under  present  labor  conditions  sesame  can  be 
profitably  cultivated  in  the  United  States,  because  the  plants  of  the 
crop  do  riot  all  mature  at  the  same  time.     This  makes  necessary 
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several  harvestings,  always  by  hand.  With  the  prices  for  labor  no^ 
prevailing  in  the  United  States  this  would  not  pay.  But,  by  meai 
of  methodical  selection,  uniformity  in  the  germination  and  maturin 
of  these  plants  could  easily  be  obtained. 

I  believe,  therefore,  that  the  chick-pea  and  the  sesame  deserve  i 
be  introduced  into  the  semiarid  regions  of  the  United  States  an 
that  they  wiU  furnish  valuable  aid  to  the  farmer  in  the  rotation  ( 
crops. 

CEBEAL8. 

Barley. — After  having  discussed  the  number  and  value  of  the  locj 
races  in  other  crops,  little  remains  to  be  said  regarding  barley  an 
wheat.  There  are,  of  course,  in  Palestine  a  great  number  of  varietii 
of  these  grains.  There  are  barleys  belonging  to  the  three  botanici 
species  Hordeum  distichon^  two-rowed  barley;  Hordeum  vtUgan 
ordinary  six-rowed  square-headed  barley;  and  Hordeum,  hexasi 
chon^  the  true  six-rowed  or  club  barley. 

The  species  most  extensively  cultivated  is  Hordeum,  vulgare  paU 
dum.  Gaza  barley  belongs  to  this  variety.  It  is  cultivated  i 
southern  Palestine  on  lands  of  Cenomanian  or  of  Pleistocene  origi 
and  where  the  annual  rainfall  is  often  not  more  than  10  or  12  inche 
It  is  much  used  for  brewing  in  England.  More  than  a  millio 
dollars'  worth  is  exported  annually. 

The  barley  of  the  Ghor  or  that  of  the  Jordan  is  heavier  and  hi 
the  more  regular  grains  characteristic  of  Hordeum  kexastichon^  tl 
true  six-rowed  barley.  It  is  a  barley  adapted  to  arid  regions  and  I 
alkaline  soils.  The  barleys  cultivated  on  the  vast  steppes  aroun 
Damascus  belong  principally  to  Hordeum  distichon^  or  two-rowe 
barley. 

Wheat — Though  the  greater  number  of  the  cultivated  wheats  < 
Palestine  belong  to  the  group  Triticum'  durum^  this  is  not  the  onl 
group  represented.  Some  belonging  to  T,  aestivum  and  to  T.  turg 
dum  are  cultivated,  especially  in  the  northern  part  of  the  countr 
There  are  a  great  number  of  kinds  of  Triticum  durum,.  At  U 
little  market  of  Haifa  there  are  five  or  six  different  races.  I  sha 
mention  only  the  "  Nursy,"  the  "  Zeriin,"  and  the  "  Dalaika,"  name 
after  the  villages  which  produce  them. 

The  first  has  a  long  and  rather  thin  grain  and  is  splendidly  adaptc 
to  low,  humid,  almost  marshy  soils.  The  wheat  of  Zeriin  has 
large,  full,  white  grain  and  is  adapted  to  the  hills  of  the  Senonia 
limestone  formation.  The  wheat  of  Dalaika  has  a  small,  translucei 
grain.  It  is  a  favorite  in  the  markets  and  grows  on  soil  of  volcan 
origin,  which  is  very  fertile  but  subjected  to  such  intense  sunlight  thi 
no  other  variety  can  stand  it. 

Now,  the  three  localities  mentioned  are  hardly  10  miles  from  oi 
another,  yet  each  one  has  its  special  race.     What  is  the  significant 
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i  this  fact?  From  the  physical  and  geological  nature  of  Palestine, 
B  has  been  explained  in  the  introduction,  there  necessarily  resulted 
I  diversity  of  climates  within  a  very  small  area,  and  this  diversity 
f  both  soil  and  climate  has  given  rise  to  a  very  rich  and  varied 
ra  and  fauna.  In  the  cultivated  plants  a  multiplicity  of  forms 
s  also  been  favored  by  the  political  as  well  as  by  the  natural 
ditions.  The  country  has  for  centuries  been  divided  among  a 
limber  of  hostile  tribes,  each  one  living  in  a  territoi-y  of  quite 
efiiiite  natural  boundaries.  The  hostility  of  these  neighboring 
ibes  was  so  great  that  nearly  all  commercial  relations  were  de- 
royed,  the  only  interactions  being  those  of  warfare.  Access  to  the 
kets  was  thereby  cut  off,  and  the  Arab  learned  to  depend  entirely 
n  the  products  of  his  own  immediate  district.  As  the  same 
ucts  continued  to  be  cultivated  for  centuries  on  the  same  soils 
ithout  outside  introduction,  local  races  were  necessarily  developed. 
hese  conditions,  which  lasted  for  more  than  ten  centuries  in  the 
rient,  are  finally  rapidly  disappearing. 

From  a  human  point  of  view  we  have  every  reason  to  rejoice  at 
pacification  of  the  Orient,  because  of  the  greater  safety  to  life 
d  property  and  the  better  intercourse  it  has  brought  about;  but 
m  the  standpoint  of  the  cultivation  of  plants  we  are  losing  ground, 
T  it  is  a  natural  tendency  to  reject  all  of  the  old  habits  and  in  so 
ing  to  annihilate  many  of  these  local  races  which  have  been  in 
ss  of  development  for  so  many  centuries.    This  can  best  be 
strated  by  the  following  example : 
"When  the  Jewish  colony  of  Yemma  was  established  at  Dalaika,  the 
onists,  who  had  no  feeling  of  prejudice  or  hostility  toward  the 
bs  of  Nursy  and  Zeriin,  thought  it  would  be  an  improvement  to 
e  up  the  small-grained  Dalaika  wheat  and  to  introduce  the  fine, 
-grained  wheat  from  Zeriin.    The  result,  of  course,  was  a  fail- 
,  because  the  wheat  introduced  was  not  adapted  to  local  climatic 
ditions.     Instead,  however,  of  correctly  interpreting  their  failure, 
e  of  the  colonists  attributed  it  to  the  use  of  European  plows,  and 
ers  to  American  harrows,  both  of  which  had  been  recently  im- 
bled.     (See  fig.  10.)    I  enter  into  these  details  in  order  to  show  the 
fclue  of  the  local  products  which  the  Orient  has  developed  during  the 
bturies  of  stagnation,  and  also  to  point  out  the  danger  of  the  de- 
ruction  of  these  races  of  plants  in  consequence  of  the  general  level- 
jg  which  is  a  necessary  accompaniment  of  national  awakening  and 
togress.     An  early  botanical-agronomic  exploration  of  the  Orient 
k  therefore  necessary.    The  sooner  it  is  made  the  greater  will  be  the 
^noes  for  obtaining  valuable  races  of  plants.^* 

•The  importance  of  this  point  has  been  emplaa sized  by  A.  F.  Woods.  See 
hence,  n.  s.,  vol  26,  no.  069,  pp.  541-543:  also  Report  of  the  National  Cou- 
^ation  Commission,  vol.  3,  1909,  pp.  146-150. 
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In  the  preceding  pages  I  have  referred  only  to  crops  which  can 
extensively  cultivated  and  promise  to  be  of  considerable  econon 
importance.  But  there  is  a  host  of  plants  of  secondary  importai 
which  ought  also  to  be  mentioned. 

For  example,  in  -the  Cucnrbitaceie  we  cultivate  Cucwnis  me 
Citrullus  vulgaris  (watermelon),  Cucumis  ckate,  and  C  m- 
dudaim. 

Of  the  different  races  of  watermelon  cultivated  in  Palestine 
shall  mention  only  two.  The  "Abu-taba  "  (father  of  the  ring), 
called  because  of  the  large  scar  which  it  has  in  the  place  of  the  pis) 
is  cultivated  chiefly  along  the  coast  in  the  neighborhood  of  the  Je 


usiDg  an  AmerlcaD-m 

latter  is  a  temporary  harbor  maintained  only  during  the  shippii 
season  of  these  melons.  This  Abu-taba,  which  grows  on  the  poore 
soil,  is  very  early,  and  because  of  its'  thick  rind  it  is  uninjured  I 
journeys  of  two  to  three  weeks.  It  is  therefore  shipped  to  Egyg 
iSmyrna,  and  Constantinople. 

Another  rather  curious  sort  is  that  cultivated  in  the  neighbo 
hood  of  Tiberias,  It  is  not  so  early  as  the  one  just  mentioned  it 
docs  not  have  such  good  shipping  qualities,  but  it  is  much  liked  I 
account  of  the  sweetness  of  its  fruit.  It  is  very  small,  being  od 
about  the  size  of  a  grai>efruit. 

There  is  a  kind  of  mnskmclon,  cultivated  chiefly  by  the  Bosniti 
in  Cirsnrea,  that  is  kept  until  late  in  the  winter.  It  is,  I  belie" 
derived  from  the  s^ort  cultivated  at  Kirk-Agatch,  in  Anatolia, 
variety  propagated  in  California  under  the  name  '•  Casaba." 
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I  may  also  mention  Citrullita  colocynthis,  a  medicinal  plant.  The 
fruit  grows  wild  and  is  gathered  for  export,  chiefly  to  the  United 
'States,  The  region  in  which  it  grows  best  is  a  sandy  desert  between 
I  Gaza  and  El-Arish. 

>  There  are  other  wild  plants  useful  as  vegetables,  etc.;  for  in- 
stance, Gundelia  toumefortii,  the  "  Akub "  of  the  Arab;^,  which 
IgTOWs  wild  in  rocky  localities.  Its  white,  juicy  shoots  are  gathered 
Iby  women  and  eaten  like  artichokes.  Cargoes  of  this  plant  are 
shipped  along  the  coast  from  the  rocky  regions  around  Haifa,  par- 
'ticularly  to  Beirut.  It  is  a  very  good  vegetable  and  worthy  of  recom- 
fmendation.  Its  leaves  are  somewhat  spiny  when  fully  developed, 
ibut  l>y  selection  this  slight  defection  could  easily  be  overcome. 


I  I  may  also  mention  the  wild  Cynara  syriaca  and  Cynara  auranitica, 
closely  related  to  the  cultivated  artichoke.  The  former  grows  in  the 
damp  soils  of  the  low  plains  along  the  coast ;  the  latter  in  the  deep, 
dry  soiLs  of  the  liigh  plateaus  of  the  Trans-Jordan.     Their  improve- 

I  ment  and  their  use  for  ci"Os.sing  are  to  be  recommended. 

I  Among  the  plants  particularly  adajited  to  desert  regiouH  iti  Tainarix 
artindata,  the  ''Athl "  of  the  Arabs.  Its  galls  are  used  for  tannin. 
It  grows  well  in  sand  dunes  and  has  been  successfully  cultivated  in 
southern  Tunis.  This  tree  is  easily  propagated  by  cuttings  and 
appears  to  me  to  be  well  adapted  to  the  southwestern  United  States. 
Another  desert  plant,  Calligoiuim  comosum,  resembles  Zizyphus 
Johis  in  its  habit  of  growth.  It  is  even  more  useful  than  the  latter 
for  the  fixation  of  sand  dunes.    It  sends  out  roots  G5  to  100  feet 
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be  discovered,  there  was  a  small  group  of  the  most  distin^ished 
botanists  who  maintained  not  only  that  such  a  prototype  existed 
but  that  they  already  had  it  in  their  possession.  In  1873  Kornicke. 
when  preparing  the  notes  for  his  standard  work  on  the  cereals,"  had 
discovered  in  the  herbarium  of  the  National  Museum  of  Vienna, 
among  the  stems  of  Hordeum  spontaneum  which  Kotschy  had 
gathered  at  Rasheyya,  on  the  northwestern  side  of  Mount  Hermon, 
in  1855,  part  of  an  ear  of  a  graminiferous  plant  which  he  considered 
to  be  a  wild  wheat  and  which  resembled  the  emmer  {Triticum  dicoc- 
cum).  But,  with  an  unaccountable  forgetfulness,  Kornicke  did  not 
speak  of  this  discovery  in  the  work  mentioned,  which  appeared  in 
1885,  and  it  was  not  until  1889,  at  a  meeting  of  the  Society  of  the 
Lower  Rhine  and  Westphalia,  that  he  reported  his  discovery.*  At 
that  time  he  named  Kotschy's  plant  Triticum  vulgare  dicoccoides  and 
declared  it  to  be  the  prototype  of  the  cultivated  wheats.  Afterwards 
Kornicke  returned  repeatedly  to  the  discussion  of  the  question,  urg- 
ing all  botanists  who  went  .into  the  region  of  Mount  Hermon  to  give 
their  attention  to  the  subject  and  trying  to  induce  the  scientific 
academies  of  Vienna  and  Berlin  to  organize  an  expedition  for  that 
purpose.    His  efforts,  however,  were  in  vain. 

In  1902  Ascherson  and  Graebner  published  their  "  Synopsis  of  the 
Middle  European  J'lora."  In  this  work,  in  the  monograph  dealing 
with  the  Tritici,  they  set  forth  Kornicke's  views,  which  thus  reached 
a  large  public.  In  order  to  understand  why  Kornicke  believed  that 
Kotschy's  plant  represented  the  wild  prototype  of  wheat,  it  is  neces- 
sary to  know  something  of  the  conclusions  he  had  reached  regarding 
the  classification  and  development  of  the  genus  Triticum,  which 
includes  wheat  and  several  closely  related  grasses. 

BOTANICAL   CLASSIFICATION   OF  WHEATS. 

In  the  work  just  mentioned,  which  adopts  the  excellent  classifica- 
tion of  Kornicke  in  its  essential  features,  but  also  takes  into  account 
the  investigations  of  Hackel,  the  wheats  are  classified  as  follows: 

In  the  section  Eutriticum  there  are  three  species — Triticum  monococcum  (ein- 
korn),  Triticum  polonicum  (Polish  wheat),  and,  thirdly,  a  collectiye  species, 
Triticum  satii^um. 
Triticum  sativum  Is  divided  into  three  small  species: 
Triticum  dicoccum  (emmer). 
Triticum  spelta  (spelt). 
Triticum  tcnax  (common  wheats). 

^  Kornicke  and  Werner.    Handbuch  des  Getreldebaues.    1885. 
*  Verhandlungen  des  Naturhistorlschen  Verelns  der  Preussischen  Rheinlande, 
Westfalens,  und  des  Regierungs-Bezirks  Osnabrttck.    Bonn,  1889. 
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One  of  tbese,  Triticum  tenax,  is  in  turn  sabdivided  into  subspeciefl : 
Triticum  valgare  ( whea t ) .     [  Triticum  aesiivum,  ] 
Triticum  coinpacium  (short-eared  wheat,  club  wheat). 
Triticum  iurgidum  (Poulard  wheat). 
Triticum  durum  (durum  wheat). 

This  classification  is  essentially  artificial,  and  the  distinctions 
between  the  groups  are  very  difficult  to  maintain.  Near  the  close  of 
Komicke's  life,  after  having  made  a  specialty  of  this  study  for  forty 
years,  he  declared  that  it  was  almost  impossible  to  distinguish  between 
some  forms  of  Triticum  dunim  (subspecies  of  T.  tenax)  and  Triticum 
dkoccum  (small  species  of  the  collective  species  sativum). 

The  behavior  of  crosses  and  hybrids  also  indicates  a  very  close 
relationship  among  the  so-called  species.  Thus,  Vilmorin  crossed 
Triticum  aestivnm  and  T.  durum  and  obtained  a  T.  spelta.  Triticum 
'poloTiicuTn  occupies  a  somewhat  unique  place  on  account  of  its  long 
glumes,  but  it  hybridizes  with  the  other  species  and  is  regarded  itself 
as  only  a  hybrid.  Triticum  monococcum  alone  holds  a  place  entirely 
distinct  from  all  of  the  others  because  of  its  refusal  to  hybridize 
^ith  the  rest.  In  fact,  all  of  the  other  species  pass  so  gradually  into 
one  another  that  it  seems  more  than  probable  that  all  of  the  wheats 
belong  to  one  species. 

THE   BRITTLE   RACHIS   OF  THE   PRIMITIVE   CEREALS. 

What  can  we  suppose  the  prototype  of  wheat  to  have  been,  and  by 
vhat  characters  can  it  be  recognized  ?  A  fragile  rachis  was  undoubt- 
edly one  of  the  characters  of  this  wild  prototype.  All  who  have 
studied  the  question  agree  as  to  this.  All  agronomists  and  all  bot- 
anists regard  a  rigid  rachis  as  an  acquired  characteristic,  developed 
by  man  under  cultivation  and  having  a  tendency  to  destroy  the 
plant's  natural  capacity  for  dissemination. 

All  of  the  genera  and  species  related  to  wheat,  as  Aegilops,  Agropy- 
ron,  etc.,  have  this  fragile  rachis,  a  necessity  in  order  that  the  grain 
be  assured  a  wide  dissemination.  It  is  also  needful  that  the  grain 
remain  fixed  in  its  glumes  as  a  general  protection  against  premature 
germination,  decay,  and  destruction  by  enemies.  But  this  character- 
istic, so  useful  to  the  plant  itself,  was  a  drawback  to  its  use  by  man. 
IVheat  with  a  brittle  rachis  requires  to  be  harvested  before  complete 
maturity  and  is  difficult  to  handle.  Moreover,  grains  that  are  held 
too  closely  in  the  glumes  can  not  be  thrashed  with  flails,  but  a  special 
system  of  mills  must  be  used.  In  Egyptian  tombs  6,000  years  old 
have  been  found  heaps  of  emmer  hulls,  a  careful  inspection  of  which 
clearly  indicates  that  they  were  thrashed  by  such  mills,  so  that  their 
"se  must  date  from  the  most  ancient  times. 

Wild  wheat,  the  same  as  wild  oats  and  wild  barley,  must  have  been 
provided  with  the  means  for  ready  dissemination.     Man,  however, 
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Triticum  monococcvm  with  any  other  wheat.  Later,  Beyeririck  suc- 
ceeded in  producing  the  cross,  but  the  products  were  strict  hybrids; 
that  is,  they  were  all  sterile.  More  recently  still,  Professor  von 
Tschermak,  who  took  up  Vilmorin's  experiments,  met  with  the  same 
failure.  He  has  succeeded  in  crossing  Triticum  monococcum  with 
Triticum  ovatum^  which,  as  we  have  seen,  may  in  turn  be  crossed 
with  Triticum  aestivum;  but  neither  he  nor  anyone  else  has  suc- 
ceeded in  crossing  Ti^iticum  m^onococcum  with  any  other  wheat. 

Lict  us  note,  however,  that  in  the  case  of  Triticum  polonicum  there 
was  difficulty  in  crossing,  because  of  the  peculiar  form  of  its  glumes, 
until  a  particular  operative  technique  had  b^n  worked  out.  In  view 
of  this  we  may  question  whether  the  failure  with  einkom  was  not  also 
caused  by  a  faulty  technique.  We  may  remark  in  this  connection  that, 
as  Doctor  Trabut  observed,"  no  one  has  ever  succeeded  in  crossing  the 
two  varieties  of  Anagallis  arvensis,  caerulea  and  pkoenioia^  although 
the  onlv  difference  between  the  two  is  that  the  former  has  blue  and 
the  latter  pink  flowers.  But  we  can  not  on  this  account  class  them  as 
distinct  species. 

In  so  far,  therefore,  as  the  lack  of  sexual  affinity  between  two 
related  forms  justifies  us  in  recognizing  in  them  two  different  species, 
Tritiexim  monococcum  must  be  considered  as  standing  alone,  and  it 
can  not  be  ranked  as  the  progenitor  of  the  cultivated  wheats. 

From  the  historical  point  of  view,  also,  we  may  reject  einkorn  as 
the  progenitor  of  wheat.  Its  cultivation  can  not  have  gone  back  to 
verj'  ancient  times,  since  the  cultivated  form  differs  so  little  from  the 
wild  one.  The  only  evidence  that  we  possess  of  any  antiquity  is  that 
Schliemann  discovered  it  in  his  celebrated  excavations  of  ancient 
Troy,  showing  that  it  was  cultivated  there.  But  the  other  cultivated 
wheats  are  traced  back  for  thousands  of  years  before  this. 

Spelt  and  emmer,  then,  are  the  only  two  forms  remaining  to  be 
considered,  but  w^e  have  no  ancient  remains  of  the  cultivation  of 
s-pelt,  nor  is  there  any  mention  of  it  in  literature  until  toward  the 
beginning  of  the  Christian  era. 

EMMER  THE  ONLY  POSSIBLE  PROTOTYPE  OF  TRUE  WHEAT. 

The  species  of  grain  of  the  cultivation  of  w^hich  we  have  the 
oldest  records  is  emmer.  It  is  true  that  durum  wheat  has  been  found 
in  Egypt  in  some  tombs  of  the  first  dynasty — that  is,  four  thousand 
vears  before  the  Christian  era — but  emmer  is  found  both  in  far 
greater  abundance  and  in  all  of  the  tombs.  It  is  not  at  the  present 
time  cultivated  anywhere  in  Egypt,  durum  wheat  having  since  his- 
torical times  taken  its  place. 

«  Bulletin  de  la  Society  Botanique  de  France,  vol.  68,  p.  182. 
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to  demonstrate  to  him  the  Eocene  origin  of  the  ground.  Suddenly  I 
noticed  in  a  crevice  of  a  rock  of  nummulitic  limestone  an  isolated 
plant  i^hich  at  first  sight  looked  like  a  stool  of  barley,  but  which  on 
closer  inspection  proved  to  be  a  wheat,  the  ripe  spikelets  of  which 
could  be  detached  from  the  brittle  rachis  by  the  slightest  shake.  I 
could  hardly  believe  that  it  was  really  the  plant  for  which  I  was  look- 
ing. The  development  of  the  head  and  grains  was  so  perfect — so 
nearly  like  the  forms  produced  under  cultivation  at  the  preser*^  day — 
that  I  could  scarcely  believe  that  this  was  their  wild  prototype, 
though,  to  be  sure,  if  it  had  not  been  so  well  developed  primitive  man 
would  not  have  noticed  it,  or  at  least  would  not  have  appreciated  the 
im|x>rtance  of  its  cultivation  to  such  an  extent  as  he  did. 

I  could  not  at  that  time  remain  longer  at  Rosh  Pinar,  and  so  left 
the  next  day  for  the  north.    On  the  way  from  Rosh  Pinar  to  Ras- 
heyya  (three  days  on  horseback)  I  looked  for  wild  wheat,  but  could 
not  find  any.    At  Rasheyya,  too,  I  spent  a  great  deal  of  time  botaniz- 
ing in  the  vineyards  in  the  hope  of  finding  the  Triticum  there,  but  also 
without  success.    But  when  I  began  to  extend  my  search  to  unculti- 
vated lands,  along  the  edges  of  roads  and  in  the  crevices  of  rocks,  I 
found  a  few  stools  of  the  wild  Triticum.    Later  I  came  across  it  in 
great  abundance,  and  the  most  astonishing  thing  about  it  was  the  large 
number  of  forms  it  displayed.    The  sample  specimen  from  Rosh 
Pinar,  however,  was  the  finest  one.    This  plant  had  made  a  very  vig- 
orous growth  and  bore  heads  the  stiff,  rugose  awns  (beards)  of  which 
were  nearly  or  quite  6  inches  long.     (See  Pis.  II,  III,  and  IV.)     At 
the  foot  of  Mount  Hermon  the  stems  were  longer  but  fewer.     Instead 
of  being  2  feet  high,  as  at  Rosh  Pinar,  this  wild  wheat  at  Rasheyya 
was  more  than  40  inches  high. 

I  ascended  Mount  Hermon  and  went  around  to  the  other  side.  I 
intend  at  some  future  time  to  describe  this  trip,  as  its  botanical  and 
geological  results  may  interest  the  scientific  world;  but  here  I  shall 
speak  only  of  the  Triticum.  In  descending  from  the  summit  of 
Mount  Hermon  (9,498  feet  in  altitude)  toward  Arny,  a  little  village 
on  its  eastern  slope,  I  found  innumerable  forms  of  this  wild  Triticum 
growing  in  abundance  at  an  altitude  of  5,250  feet  and  less.     (See  PI. 

V,  fig.  1.)  In  some  cases  the  whole  ear  was  black;  in  others  only  the 
glumes  or  part  of  the  glumes;  in  still  others  the  awns  alone  were 
blacL  Sometimes  the  glumes  were  completely  glabrous  (see  PL  VI, 
figs.  1  and  2),  sometimes  very  hirsute  (see  PI.  VII,  fig.  1) ;  in  some 
the  form  of  the  glume  resembled  that  of  Triticum  durum  (see  PI. 

VI,  fig.  2),  in  others  the  development  of  the  secondary  nerve  was 
similar  to  that  of  T.  monococmcm.  (Compare  PI.  VIII,  figs.  1,  2, 
and  3.)  I  had  discovered  so  many  forms  that  no  attempt  at  deter- 
mination could  be  made.  Among  these  was  even  T.  monococcum 
aegilipoides  (see  PL  VII,  fig.  2),  a  form  I  had  not  at  all  expected  to 
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find.  I  could  therefore  only  gather  specimens,  noting  their  habitat, 
associations,  etc. 

As  soon  as  I  got  home  I  wrote  the  good  news  to  my  friends  in  Ber- 
lin. A  short  notice  of  the  results  of  this  trip  and  an  article  by  Pro- 
fessor Schweinfurth  on  the  importance  of  this  discovery  and  on  tiie 
possibilities  which  it  opened  up  were  published.** 

My  trip  of  1906  merely  established  the  native  habitat  of  Triticutn 
dicoccum  dicoccoides.  It  was  still  necessary  to  find  out  the  extent  of 
the  distribution,  its  habit  of  growth,  etc.,  and  I  made  another  trip 
for  this  purpose  in  1907.  The  principal  results  of  this  trip  relating 
to  problems  of  the  cereals  in  their  wild  state  have  been  published, 
with  an  introduction  by  Professor  Schweinfurth  ^  and  an  appendix 
by  Professor  Ascherson,  in  the  proceedings  of  the  Botanical  Society 
of  Berlin. 

On  this  trip  I  was  able  to  show  conclusively  that  Triticum  dicoccum 
dicoccoidea  is  indigenous  to  the  regions  of  Mount  Hermon  and  the 
northern  part  of  the  Trans-Jordan.  The  idea  that  it  is  a  plant 
escaped  from  cultivation  jcan  not  be  entertained  for  a  moment  In 
the  first  place,  Trittcum  dicoccum  is  not  cultivated  anywhere  in  Syria 
and  Palestine.  I  have  not  been  able  to  discover  any  hybrid  or 
mongrel  between  this  wild  wheat  and  the  cultivated  forms. 
Second — and  this  is  the  important  point — our  Triticum  dicoccum 
dicoccoides  rarely  appears  on  soils  which  have  been  cultivated  for 
any  purpose.  It  grows  only  upon  the  slopes  of  the  most  arid  and 
rocky  hills  and  in  places  exposed  to  the  hottest  rays  of  the  oriental 
sun. 

DIVERSITIES    OF    W^ILD    EMMEP. 

The  number  of  forms  of  Triticum  dicoccum,  dicoccoidea  which  I 
gathered  in  1907  is  astounding — ^"  verbliiffend,"  to  use  Komicke's  own 
expression.  I  found  specimens  in  which  the  glume  had  a  secondary 
tooth  (compare  PI.  VIII,  figs.  2  and  3),  produced  by  the  great  devel- 
opment of  the  secondary  nerve,  which  constitutes  a  morphological 
resemblance  to  Triticum  monococcum.  And,  on  the  other  hand,  I 
found  forms  of  T,  monococcum,  aegilipoides  with  the  secondary  tooth 
less  developed  than  any  that  Kornicke  had  ever  seen.  We  may 
presume  that  these  were  transitional  forms. 

« See  Aaronsohn,  A.,  and  Schweinfurth,  G.,  Die  Aufflndung  des  wilden 
Emmers  (Triticum  dicoccum)  in  Nordpal9.stina,  in  Altneuland  Monatsschrift 
fUr  die  wirtschaftliche  Erschliessung  PalHstinas,  Berlin,  July-August,  1906, 
nos.  7-8,  PI).  213-220;  also  Prof.  Dr.  G.  Schweinfurth  in  Vossische  Zeitung, 
September  21,  1906,  aud  in  Annales  du  Service  des  Antiquit^s  de  ri6gypte,  1906. 

*  Schweinfurth,  G.,  Ueber  die  von  A.  Aaronsohn  ausgeffihrten  Nachforschun- 
gen  nach  dem  wilden  Emmer  (Triticum  dicoccoides  Kcke.).  In  Berlchte  der 
Deutschen  Botanlschen  Gesellschaft,  1908,  vol.  26  a,  pt.  4,  1908,  pp.  309-324. 
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I  discussed  this  subject  with  Kornicke.  A  year  before  he  had 
said  that  certain  forms  which  I  had  labeled  T,  manococcum  were 
really  T.  dicoccum  dicoccoides^  and  vice  versa.  But  after  a  minute 
study  of  these  forms  he  took  pleasure  in  acknowledging  that  my 
determinations  were  correct,  stating  this  both  in  his  letter  to  Pro- 
fessor Schweinfurth,  dated  December  31,  1907,  and  in  his  letter  to 
me  written  a  few  days  before  his  death. 

HABITUAL   ASSOCIATION    OF    WILD    EMMER    WITH    WILD   BARLEY. 

Another  observation  of  some  importance  made  by  the  writer  is 
the  following: 

The  wild  emmer  is  always  found  in  company  with  wild  barley. 
The  latter  has  perhaps  a  greater  area  than  the  former  and  occasion- 
ally is  found  where  wild  emmer  does  not  grow,  but  it  is  very  un- 
usual to  find  the  emmer  unmixed  with  the  barley. 

Now,  it  has  always  been  difficult  to  say  whether  barley  or  wheat  is 
the  older  crop.  The  oldest  writers  always  speak  of  these  two  together, 
and  in  excavations  in  Egypt  and  elsewhere  they  are  always  found 
associated.  Kornicke  has  asserted  that  the  cultivation  of  barley  is 
older  than  that  of  wheat.  But  why  may  we  not  assume  that  our 
prehistoric  ancestors  began  the  cultivation  of  the  two  cereals  si- 
multaneously and  that  they  grew  barley  and  wheat  together  just 
as  they  are  found  growing  when  wild?  The  habits  of  these  two 
plants  are  so  similar  that  the  Arabs  fail  to  distinguish  them, 
although  they  are  given  to  more  or  less  close  obseoi^ation  of  natural 
phenomena.  Several  times  I  have  asked  the  Arabs  to  gather  for 
me  some  stools  of  wild  Triticum  like  the  sample  which  I  gave  them. 
They  always  brought  me  back  Hordeuin  spontaneum.  Nor  have  I 
been  able  to  find  any  special  word  in  their  language  for  wild  wheat. 
They  always  called  it  "scha'ir  barri "  or  "  scha'ir  iblisse  "  (wild 
barley  or  devil's  barley).  But  when  I  asked  if  it  was  not  wild  wheat, 
they  admitted  that  it  was  "  kamh  barri  "  (wild  wheat),  being  eager, 
as  the  Arab  always  is,  to  agree  with  the  opinion  of  a  guest. 

DISCOVERY  OF  RYE,  BOTH  WIU)  AND  CULTIVATED,  IN  SYRIA. 

On  my  1907  trip  I  was  able  to  demonstrate  that  Triticum  dicoccn7n 
dicoccoides  and  Triticum  m,onococcum,  aegilipoides  are  indigenous 
to  the  vicinity  of  Mount  Hermon;  to  study  their  distribution,  their 
preferences  as  to  location,  and  their  habits  of  growth ;  and  to  gather 
a  number  of  intermediate  forms,  and  to  study  their  association  with 
each  other  and  with  Hordeum,  spontaneum.  But,  in  addition  to  this. 
I  made  another  discovery  which  I  should  like  to  mention. 

I  found  some  stools  of  cultivated  rye  {Secale  cereale)  at  Damascus 
in  a  field  of  wheat.     Now,  two  days  later  at  Zebedani,  on  the  Anti- 
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Lebanon,  I  gathered  a  stool  of  Secale  montanum.  It  is  an  interest- 
ing fact,  too,  that  the  wheat  in  which  the  cultivated  rye  was  found 
was  Triticum  durum  melanoyus  (T.  complanatum) ^  having  a  starchj 
and  not  a  glassy  grain. 

Now,  it  has  been  asserted  as  a  fact  that  in  ancient  times  as  well 
as  in  our  own  day  ry^e  has  been  unknown  to  the  Orient.  Philologists 
were  ignorant  of  the  special  name  for  this  cereal  in  the  Orient,  and 
they  therefore  concluded  that  rye  must  have  originated  in  Europe 
It  was  on  this  theory  that  Hoops,  Much,  and  others  based  their  con- 
viction that  the  cultivation  of  the  cereals  originated  in  Europe.  Nc 
one  who  knows  how  strongly  Damascus  has  resisted  European  in- 
fluence, even  up  to  the  present  time,  can  for  a  moment  believe  that 
the  rye  which  I  found  in  the  wheat  field  had  been  imported.  W 
is  to  be  noted,  too,  that  the  region  to  the  east  and  the  north  ol 
Damascus  is  almost  unexplored,  and  it  may  therefore  be  that  with- 
out our  knowledge  rye  is  more  or  less  cultivated  there.  I  have  no( 
yet  found  out  the  special  name  the  Arabs  use  to  designate  this  cereal. 

WIDE  RANGE  OF  WILD  EMMER. 

In  1908  I  was  commissioned  by  the  Turkish  Government  to  make 
a  scientific  exploration  around  the  Dead  Sea,  and  was  thus  enabled 
to  extend  my  study  of  Triticum  dicoccvm  dicoccoides. 

AATiile  descending  Engedi,  on  the  western  shore  of  the  Dead  Sea. 
in  March,  1908,  I  noticed  a  plant  of  Ilordeum  spontaneum  with  un- 
ripe heads,  but  ^ave  it  no  particular  attention.  On  March  26,  having 
gone  around  the  Dead  Sea  to  the  south  and  having  pushed  tolerablj 
far  into  Arabia,  our  caravan  reascended  from  El-Mazra-a  on  the 
southeast  shore  of  the  Dead  Sea,  1,300  feet  below  sea  level,  toward 
the  plateau  of  Moab,  which  is  in  some  places  more  than  3,300  feet 
above  sea  level.  At  350  to  500  feet  above  the  Dead  Sea,  where  the 
salty  marls  began  to  give  place  to  calcareous  strata,  we  saw  Uordeum 
Hpontaneum  more  and  more  frequently.  The  abundance  of  this  and 
the  conditions  of  soil  and  vegetation  made  me  think  at  once  of  the 
wild  emmer.  But,  though  I  looked  carefully,  I  could  not  find  it 
either  that  day  or  on  the  three  following  days,  although  wild  barley 
was  as  plentiful  as  before.  I  attributed  this  to  the  season,  for  the 
barley  had  barely  headed  and  the  wild  emmer,  if  there,  would  have 
been  concealed.  On  March  28  we  camped  in  the  Wady  Waleh  (^e 
PI.  V,  fig.  2),  with  which  we  were  familiar  from  a  preceding  explora- 
tion around  the  Dead  Sea  and  where,  on  February  29, 1904,  Professor 
Blanckenhorn  and  I  had  discovered  flint  implements  from  a  paleo- 
lithic, or  perhaps  even  an  eolithic,  epoch  at  the  foot  of  the  rude  stone 
columns  called  "  menhirs,"  some  of  which  were  overturned  and  some 
still  standing  (see  fig.  12). 
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Fa.  1.— Spikelet  of  Triticum  monococcum.  Showing  the  Characteristic  Secondary 
Tooth  of  the  Glume.  Fig.  2.— Spikelet  of  Triticum  dicoccum  dicoccoides,  Show- 
ing THE  Secondary  Tooth,  as  in  T.  monococcum.  Fig.  3.— Spikelet  of  Thiticum 
DtcoccuM  dicoccoides,  Showing  the  Absence  of  the  Secondary  Tooth  of  the  Glume. 
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At  this  latter  visit  the  hills  which  bordered  the  Wady  Waleh  were 

so  abundantly  covered  with  wild  barley  that  they  and  the  valleys 

looked  like  fields  of  cereals  sown  irregularly  and  infested  with  weeds. 

I  tried  to  picture  in  my  mind  the  life  of  our  prehistoric  ancestors 

who  lived  on  the  banks  of  this  delightful  wadi  (canyon).    I  believe, 

IS  does    Eduard   Hahn,   that   our   ancestors   were   not    exclusively 

hunters  and  shepherds,  as  they  are  generally  supposed  to  have  l)een. 

'  They  wei«  without  doubt  chiefly  vegetarians,  and  in  this  region,  where 

(lie  growing  season  is  very  sliort,  they  must  have  learned  at  a  very 

I  early  date  to  gather  and  preserve  grain.     Their  life  here  must  have 

I  lieen  a  comparatively  enviable  one.     The  negi'oes  of  Africa  are  com- 

j  pelled  to  make  bread  from  a  species  of  Penni.setum  and  from  certain 


flu.  ]2.-~MoDoHUi  In  Wad;  Wftleh.     At  lis  foot  paleolithic  or  uollttilc  flint   lin|il«iueats 
"en  tannd.     Wild  wheat  and  barley  were  found  on  the  hllla  In  the  backtcrouad. 

Poas,  which  are  very  hard  to  harvest ;  the  peoples  of  the  Sahara  with 
Si^st  labor  secure  a  coarse  bread  from  the  seeds  of  Panirum  f>ir<jid'iin 
»nd  of  Aristida  pungeria,  which  latter  is  even  in  our  day  an  article  of 
wmrnerce;  the  Touaregs  live  on  the  seeds  of  different  Diplotaxis, 
•^rvca  gatira,  Senebiera  lepidoides,  and  other  crucifiers;  the  Tibbus, 
"I  oiwah,  live  on  bread  made  from  the  seeds  of  colocynth."  When 
**  think  of  what  these  and  other  peoples  of  our  own  day  liave  to  use 
"r  food,  we  must  acknowledge  that  the  prehistoric  inhabitants  of 
^e  valleys  and  plateaus  of  the  Trans-Jordan  were  to  l)e  envied  when 
"*y  had  ffordeum  aporUaneum  and,  as  we  anticipated,  Trilicum 
''Koccum.  dicoccoidea  also  in  abundance,     (Sec  PI.  IX,  figs,  1  and  2.)- 

'See  DDTeyrler,  I-es  Touaregs  du  Nord,  p.  2IM ;  P.  Solelllet,  LAfrlque  Occl- 
™^l^  p,  177 ;  and  Nacbtlgal,  Sahara  uud  Sudan,  vol.  1,  p.  249. 
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Everything  here  seemed  to  be  favorable  to  the  growth  of  the  wild 
emmer.  So,  when  I  returned  to  Jerusalem  in  April,  I  communicated 
to  Professor  Schweinfurth  my  hypothesis  that  Triticum  dicoccum 
dicoccoides  grew  in  the  country  of  Moab,  as  he  continued  to  take  an 
interest  in  my  travels  and  has  called  my  attention  to  a  number  of 
problems  which  otherwise  would  have  escaped  me.  I  resolved  to  re- 
turn to  the  country  of  Moab  at  a  more  favowible  time,  in  May,  for 
example.  My  joy  was  unbounded  when,  on  returning  to  the  country 
of  Moab  and  Gilead  two  weeks  later,  April  17,  1908,  I  found  Triti- 
cum dicoccum  dicoccoides  while  going  from  Tell  Nimrin,  in  the 
valley  of  the  Jordan,  to  Ain  Hummar,  on  the  plateau  of  Es-Salt.  A  \ 
little  later  it  was  found  as  plentifully  as  it  had  been  in  the  neighbor- 
hood of  Mount  Hermon. 

SOILS  AND  LOCATIONS  FREFEBRED  BY  WILD  EMMER. 

I  may  summarize  my  observations  on  Triticum  dicoccum  dicoc- 
coides as  follows:  It  is  always  found  in  the  same  sort  of  habitat — ^in 
the  crevices  of  rocks,  in  places  where  the  rocks  are  covered  with  only 
a  thin  layer  of  soil,  in  the  most  arid  situations  and  those  most  ex- 
posed to  the  sun  (see  PI.  I,  fig.  2,  and  PI.  V,  figs.  1  and  2),  and  al- 
ways associated  with  Hordeum  spontaneum.  In  locations  where  the 
vegetation  is  abundant  and  the  soil  fertile  and  where  the  layer  of 
"  terra  rossa  "  has  increased  in  depth  by  the  disintegration  of  the 
rock,  Triticum  dicoccum  dicoccoides  is  not  found,  except  in  the  shel- 
ter of  clumps  of  bushes  and  small  trees,  such  as  Poterium  spinosum^ 
Cistus  villosuSy  Zizyphus  spina-christi^  Echinops  viscosus^  Centaurea 
sp.,  etc.  This  was  observed  to  be  the  case  at  Mount  Hermon  (see  PI. 
V,  fig.  1),  at  Rosh  Pinar  (see  PI.  I,  fig.  2),  and  in  the  country  of 
Gilead  (see  PL  V,  fig.  2). 

As  to  the  geological  age  of  the  rocks,  I  have  found  THticum,  dicoc- 
cum,  dicoccoides  on  the  Jurassic  limestones  and  dolomites,  on  the 
so-called  sandstones  of  Nubia,  on  the  more  or  less  dolomitic  lime- 
stones of  the  Cenomanian  and  Turonian,  and  on  the  lower  Eocene 
limestones,  as  well  as  on  the  basalts  and  basaltites.  The  only  for- 
mations on  which  it  does  not  thrive  seem  to  be  the  Senonian  rocks 
(made  up  chiefly  of  chalky  and  soft  limestones  or  of  flints)  and  the 
Nari,  a  conglomerate  generally  formed  of  elements  of  Senonian 
origin  and  similar  to  the  "caliche"  of  the  southwestern  United 
States.  This  was  observed  at  Gilead,  as  well  as  in  the  neighborhood 
of  Rosh  Pinar.  In  this  latter  locality  I  made  sure  that  Triticum 
dicoccum  dicoccoides  was  not  to  be  found  on  the  Senonian  forma- 
tions, which  are  there  very  extensive  and  varied,  being  represented 
by  chalky  marls,  bituminous  limestones,  and  limestones  of  SchXoen- 
hachia  olivetti, 
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i 

We  have  seen  that  the  wild  emmer  prefers  rocky  soils  and  has  not 

been  found  up  to  the  present  time  on  the  broad  plains  and  vast 

steppe&w   Thus,  I  could  not  find  it  at  the  Ghor  (the  depression  of  the 

valley  of  the  Jordan)  either  in  1907,  when  I  searched  for  it  in  the 

neighborhood  of  the  Lake  of  Tiberias,  or  in  1908  at  the  mouth  of 

the  Jabbok.    It  disappeared  also  on  the  road  from  Rasheyya  to 

iXatana  when  we  reached  the  Senonian  formations  and  the  steppe 

loward  the  east.     It  does  not  seem  even  to  extend  to  the  edges  of  the 

pocky  ground,  but  leaves  a  sort  of  protecting  belt  of  rocky  land  be- 

'  een  it  and  the  alluvial,  diluvial,  or  oolithic  soils  which  border  it. 

Further  search  ought  to  be  made  to  find  out  how  far  Triticnm 

icaecuTn  dicoccoidea  extends  toward  the  southeast  of  the  country  of 

oab  and  toward  Arabia,  as  well  as  how  far  north  along  the  Lebanon 

d  the  Anti-Lebanon.    Moreover,  we  should  look  further  in  the 

is-Jordan  region,  where  it  probably  extends  farther  than  the  terri- 

ry    lying  between   Rosh   Pinar  and   the  northern   part  of  Lake 

iberias. 

WHSBE  DID  THE  CULTIVATIGN  OF  CEREALS  OBIGINATEP 

I  believe  that  a  careful  consideration  of  the  foregoing  facts  will 
>w  some  light  on  the  question  of  the  origin  of  the  cultivation  of 
lals.     I  shall  consider  only  three  of  the  numerous  hypotheses  f or- 
lulated   in   regard  to  this  problem:  First,  there  is  the  ingenious 
nry  of  the  Count  of  Solms-Laubach,  set  forth  in  his  work  "  Wei- 
und  Tulpe,"  etc.,  previously  cited. 
He  admits  the  polyphyletic  origin  of  Triticum  aestivtim,  but,  hav- 
definite  proof  that  wheat  was  cultivated  in  Egypt  at  least  four 
lusand  years  before  the  Christian  era  and  at  least  three  thousand 
before  the  same  era  in  China  and  assuming  that  the  Egyptian 
Chinese  civilizations  were  entirely  independent  and  without  in- 
mce  upon  one  another,  he  reaches  the  conclusion  that  the  cultiva- 
of   Triticum  monococcum  and  of  the  prototype  of  Triticum 
ititmm  must  have  begim  in  an  age  so  remote  that  the  division  of 
id  and  sea,  the  climatic  conditions,  and  the  resultant  flora  were 
different  from  those  of  the  present  day.     It  must,  then,  have 
:en  place  in  central  Asia,  in  the  neighborhood  of  the  basin  of  the 
I,  and  at  a  time  when  the  Desert  of  Gobi  was  still  covered  by 
sea   of  Han-hai.    Later,  Triticum,  monococcum  must  have  em- 
ited   ^westward,  while  the  prototypes  of  Triticum,  aestiimm  dis- 
ired  and  only  their  cultivated  descendants  reached  the  west. 
It  according  to  recent  research  it  is  not  so  certain  that  the  Egyp- 
m   civilizations   were   entirely   independent,   and   we   hesitate   to 
►t  a   theory  which  is  doubtful  in  its  conclusions,  even  though 
on  irrefutable  geological  premises, 
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Kornicke,  as  well  as  Schweinfurth  and  Ascherson,  has  alwaj 
thought  that  the  cultivation  of  wheat  originated  in  western  Asia  i 
the  region  of  the  Euphrates.  A.  de  CandoUe  also  reached  the  san 
conclusion  nearly  thirty  years  ago  as  a  result  of  his  study  upon  tl 
origin  of  cultivated  plants.  We  take  pleasure  in  quoting  him :  ''  Tl 
Euphrates  Valley  lying  nearly  in  the  middle  of  the  belt  of  cultivi 
tion  which  formerly  extended  from  China  to  the  Canaries,  it  is  c 
tremely  probable  that  this  valley  was  the  principal  habitation  of  U 
species  in  very  early  prehistoric  times.  The  area  may  have  extendi 
toward  Syria,  as  the  climate  is  very  similar,  but  to  the  east  and  we 
of  western  Asia  wheat  has  probably  never  existed  but  as  a  cultivati 
plant,  anterior,  it  is  true,  to  all  known  civilization.'^ 

The  most  recent  theory — ^that  claiming  that  the  cultivation  i 
cereals  originated  in  Europe — ^has  been  discussed  elsewhere,"  and 
hardly  seems  worth  while  to  bring  it  up  again.    No  naturalist  wi 
agree  with  Much,  Hoops,  and  the  other  supporters  of  this  hypothesi 

SUMMABT  OF  STUDIES  OF  THE  WILD  CEBEALS. 

I  may  say  as  a  summary  of  the  result  of  my  investigations — 

(1)  I  have  fully  confirmed  the  opinion  of  Kornicke,  who  was  tl 
first  to  assert  that  the  specimen  collected  by  Kotschy  was  a  wi 
emmer,  named  by  him  Triticum  vulgare  [dicoccuni]  dicoccoidi 
This  Triticum  is  a  native  of  southern  Syria  and  is  the  prototype 
our  cultivated  wheats,  or  at  least  one  of  the  oldest  forms  derivt 
from  such  a  prototype. 

(2)  I  have  shown  that  Triticum  monococcum  aegilipoides^  as  w< 
as  Secale  montanum^  is  indigenous  to  the  region  of  Mount  He 
mon  and  that  rye  {Secale  cereale)  occurs  in  the  Orient,  where  it  w 
thought  to  be  entirely  unknown. 

(3)  I  have  found  forms  morphologically  intermediate  betwe 
THticum  dicoccum  dicoccoides  and  T.  monococcum  aegilipoidA 
Experiments  in  crossing,  which  are  to  be  made  later,  will  sh( 
whether  these  forms  are  only  morphologically  intermediate 
whether  they  have  closer  sexual  affinities  than  those  which  ex: 
between  the  cultivated  forms  of  Triticum  dicoccum  and  T.  mm 
coccum. 

(4)  I  have  collected  certain  forms  of  Triticum  dicoccum  dicoca 
des  in  which  the  development  of  the  glumes  and  the  whole  appet 
ance  of  the  head  recall  Triticum  polonicum. 

(5)  We  have  seen  that  Hordeum  apontaneum  is  a  satellite,  so 
speak,  of  Tiiticum  dicoccum  dicoccoides^  and  that  the  cultivation 
the  two  species  may  have  been  begun  at  the  same  time. 

"  Aaronsohn,   A.     Contribution   k   I'Histoire  des   C^r^ales.     Bulletin  de 
Soci^t/*  Botanique  do  France,  March-April,  1909. 
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(6)  I  believe  that  the  existence  of  all  of  these  prototypes — that 
is  to  say,  of  oats,  wheat,  barley,  and  rye — in  a  single  region,  Syria 
ind  Palestine,  tends  to  show  that  the  cultivation  of  cereals  must 
have  orig:inated  there,  or  at  least  in  closely  adjoining  localities. 

ECONOMIC  FOSSIBHilTIES  OF  WILD  EMMEB. 

Hitherto  we  have  devoted  our  attention  to  the  theoretical  and 
purely  scientific  phase  of  this  question,  but  I  have  thought  from  the 
first  that  it  may  have  a  practical  and  economic  interest.  The  fact 
that  Triticum  dicoccum  dicoccoides  endures  the  most  extreme  climatic 
conditions  seems  to  me  to  be  very  important  when  we  consider  the 
future  economic  possibilities  of  the  plant.  Its  distribution  extends 
^rticallv  for  more  than  6,600  feet.  I  have  found  it  from  325  to 
:500  feet  below  the  Mediterranean  in  the  vicinity  of  the  Jabbok 
(eastern  tributary  of  the  Jordan)  and  up  to  0,000  to  6,300  feet  above 
sea  level  at  Mount  Hermon,  in  the  zone  of  alpine  plants. 

By  the  selection  and  crossing  of  this  wild  cereal,  which  prefers 
I»or,  rocky,  shallow,  dry  soil  and  thrives  without  any  cultivation, 
we  should  be  able  to  produce  new  races  which  will  be  very  persistent 
tad  very  hardy.  In  this  way  we  can  extend  the  cultivation  of  wheat 
p>  regions  where  it  is  at  present  impossible  on  account  of  the  low 
Quality  of  the  soil  and  the  severity  of  the  climate.  , 
I  The  writer  has  had  the  pleasure  of  seeing  that  many  eminent  sci- 
^tists  and  practical  men  share  this  opinion.  Kornicke's  son  and 
Mr.  M.  A.  Carleton,  the  Cerealist  of  the  Bureau  of  Plant  Industry, 
are  working  on  this  problem.  In  the  Vossische  Zeitung  for  Septem- 
ber 3,  1908,  Professor  Schweinfurth  gives  an  account  of  the  experi- 
ments carried  on  by  the  late  Professor  Kornicke,  which  will  be  con- 
tinued by  his  son  and  successor  in  the  chair  of  botany  in  the  Agro- 
nomic Institute  of  Bonn-Poppelsdorff. 

Of  the  thirty-six  plats  sown  the  first  year  of  Kornicke's  experi- 
ments more  than  thirtj^  produced  splendidly  developed  heads.  Pro- 
fessor Schweinfurth  shares  my  belief  that  this  cereal  shows  very 
exceptional  hardiness  and  adaptability,  and  he  is  certain  that  by  se- 
lection and  crossing  we  shall  obtain  some  races  especially  adapted  to 
arid  regions  and  other  races  valuable  for  cold  and  elevated  localities. 
Out  of  thirty-six  plats  sown  last  year,  thirty-five  came  to  fruition, 
and  some  of  them  produced  heavier  and  more  beautiful  seeds  than 
any  of  our  cultivated  wheats. 

The  countries  adjoining  the  regions  where  Triticum  dicoccum 
dicoccoides  has  been  found  should  be  carefully  explored.  We  should 
determine  its  exact  area  of  distribution  and  thoroughly  study  its 
numerous  varieties  and  forms,  their  life  history,  pollination,  etc. 
This  would  place  us  in  a  position  to  utilize  these  wild  varieties  to 
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the  best  advantage  in  the  creation  of  new  cultural  races.  It  is  in 
possible  to  foresee  the  importance  of  the  results  that  may  be  thi 
obtained.  Those  who  know  what  is  being  done  at  present  in  tl 
way  of  creating  interesting  races  by  selection  and  with  our  presei 
methods  of  hybridization  will  agree  with  me  in  saying  that  the  cull 
vation  of  wheat  may  be  revolutionized  by  the  utilization  of  the 
wild  forms. 

It  seems  to  me  that  we  are  justified  in  hoping  to  produce  rai: 
better  adapted  to  the  semiarid  regions  of  Algeria,  Tunis,  Syri 
Egypt,  Turkestan,  and  America.  If  we  secure  races  that  will  enal 
us  to  increase  the  yield  by  as  much  as  1  bushel  per  acre  on  the 
vast  areas,  the  world's  total  production  of  wheat  will  be  very  lo 
terially  augmented. 

The  study  of  the  wild  types  of  our  cereals  should  not  serve  mere 
botanical  and  historical  ends.  It  has  a  practical,  an  econc«iic- 
may  even  say  a  social — importance.  Its  ultimate  aim  is  to  produce 
little  more  bread  at  a  little  less  expense  where  production  is  diffici 
and  costly,  and  to  render  this  production  possible  where  up  to  t 
present  time  it  has  been  impossible. 
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Barley,  the  Ghor  and  the  Jordan,  description J 

varieties,  derivation,  etc J 

wild,  dissemination,  study 39-* 

habitual  association  with  wild  emmer 

See  dUo  Cereals  and  Hordeum. 

Basques,  wheat,  cultivation 

Bear  plum.    See  Plum,  bear. 
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"Caliche,"  United  States,  description 

California  and  Palestine,  analogy 8- 

climate  and  rainfall,  comparison  with  Palestine 8- 

comparison  with  trans-Jordan  region,  Palestine 

conformation,  comparison  with  Palestine 

flora,  species,  comparison  of  number  with  Palestine 

geological  formation,  comparison  with  Palestine 10- 

location  and  size,  comparison  with  Palestine 

mountains,  comparison  with  Palestine 

topography,  climate,  agricultural  possibilities,  etc.,  comparison  with 

Palestine 8- 

vegetation,  comparison  with  Palestine 11- 

Calirrhoe,  ancient  city  of  Palestine,  date  production 

Calligonum  caput-medusse,  use  in  fixation  of  sand  dunes  in  Palestine 

comosum,  use  in  fixation  of  sand  dunes,  and  description 35- 

CandoUe,  A.  de,  study  of  early  wheat  cultivation 

Carlcton,  M.  A.,  economic  possibilities  of  wild  emmer,  study 

Carmel,  Mount,  loothills,  production  of  nabali  olives 10- 

Carob  tree,  adaptability  for  California,  Arizona,  and  Texas 

drought  resistance,  comparison  with  olive  tree 27- 

fodder,  use  for  horses  at  Malta  and  Naples 

food  matter,  yield,  comparison  with  alfalfa 27- 

value,  exports  from  Cyprus,  profits,  etc 27- 

nativity ,  yield  of  pods,  etc .* 27- 

pods,  sugar  and  protein  content 

value  as  forap:e 27- 

180 


INDEX.  55 

Page. 
"  Caaaba ' *  muskmelon.    See  Muskmelon ,  ' '  Caaaba. '  * 

Caspian  Sea,  reference 36 

Caiomanian  limestones.    See  Limestones,  Cenomanian. 
Ceratonia  siliqua.    See  Carob  tree. 

Cereals,  ancient  history,  origin,  and  fatherland,  early  writings 36-37 

cultivation,  origin 49-50 

Europe 50 
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Diodorus,  reference 36 

Diplotaxis,  seeds,  use  for  food  by  Touaregs 47 

"  Djemeiz  "  fig.    See  Fig,  "  Djemeiz." 
Dog  apricot.    See  Apricot,  dog. 

Dolomites,  Jurassic,  occurrence  of  Triticum  dicoccum  dicoccoidea 48 

**D6m,"  Palestine  fruit,  description 13 

Dunes,  sand,  fixation,  use  of  Calligonum  caput-medusae 36 

Egypt,  adaptability  of  wild  emmer 52 

association  of  wheat  and  barley 45 

earliest  grain  cultivation 41-42 

watermelons,  shipment  from  Palestine 34 

wheat,  early  cultivation 49 

Einkom  and  its  prototype  distinct  from  other  wheats 40-41 

retention  of  brittle  rachis,  study 40 

wild,  discovery,  crossing,  experiments 40-41 

See  also  Cereals. 

El-Mazra-a,  occurrence  of  Hordeum  spontaneum 46 

Emmer,  cultivation  from  beginning  of  civilization 42 

earliest  known  grain,  discovery  in  Egypt 41—42 

hulls,  discovery  in  ancient  Egyptian  tombs 39 

origin  at  Rasheyya,  Palestine 38 

prototype  of  true  wheat 41—42 

retention  of  brittle  rachis,  study 40 

wild,  arid  regionp,  adaptability  for  various  countries 52 

discovery  and  discussion  by  Kdmicke 37-38 

diversities 44-45 

economic  possibilities 51-52 

habitual  association  with  wild  barlev 45 

rediscovery  in  Palestine  and  Syria,  description,  etc 42—19 

soils,  locations,  and  habits 48-49 

study  in  vicinity  of  Dead  Sea 46-48 

wide  range 46-48 

See  also  Cereals. 

Engedi,  occurrence  of  Triticum  dicoccum  dicoccoides 48 

Eocene  limestones.    See  Limestones,  Eocene. 
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Er-Rameh,  village  in  upper  Galilee,  leader  in  production  and  quality  of  oli  vee . .  20 
Reineh,  Christian  village  near  Nazareth,  known  as  ''mother  of  the  ])ome- 

granate  " 18 

Eruca  eativa,  seeds,  use  for  food  by  Touaregs 47 

Efr-Salt,  production  of  raisins 25 

Et-Tireh,  \illage  of  Palestine,  superiority  of  olives 20 

Euphrates  Valley,  remarks  by  A.  de  Candolle 50 

wheat,  cultivation,  origin 50 

Europe,  cereals,  cultivation,  origin 50 

Evergreen  shrubs.    See  Shrubs,  evergreen. 

Fabre,  wheat  studies 37 

Ficus  carica,  wild,  alkali-resistant  figs,  description,  etc 21 

peeudo-sycomorus,   drought  and  alkali  resistant  figs,   adaptability   to 

United  States 22 

fi>'comorus,  nativity,  distribution,  and  value  for  food  and  fruit 22 

Palestine  fruit,  yield  and  food  value  for  sheep  and  hogs 22 

Fig  crop,  importance  in  upper  Galilee 21 

*'  Djemeiz,''  Palestine,  harvests,  number  per  year  and  large  yield 22 

Smyrna,  California,  nonresistant  to  alkali  soil 21 

introduction  from  the  Orient 7 

Figs,  alkali -resistant,  Palestine,  adaptability  to  California 21 

dried,  use 21 

Palestine,  cultivation,  varieties,  etc 21-22 

Flora,  middle  European,  synopsis,  publication  by  Ascherson  and  Graebner 38 

Fwage  plants.    See  Plants,  forage. 

France,  wheat,  studies  of  wild  form 37 

Fruits,  Palestine,  cultivated,  adaptability  to  United  States 17-27 

Galegse,  valuable.legume  of  Palestine 28 

Galilee,  wild  wheat,  discovery ...  42 

Garbanzo.    See  Chick-pea. 
Gaza  barley.    See  Barley,  Gaza. 

Gilead,  occiurence  of  emmer 48 

Godron,  wheat  studies 37 

Graebner,  flora  of  Europe,  study 38 

Grain,  thrashing,  effect  of  brittle  rachis 39 

Grape,  *' Dattier  de  Beirut,"  Palestine,  value 25 

"Purple  Damascus,"  Palestine,  value 25 

Thompson  Seedless,  importation  from  the  Orient 7 

Grapes,  cultivation  by  Mohammedans  in  Palestine,  varieties,  uses,  oU: 24-25 

Palestine,  study  of  vineyards,  varieties,  etc 25 

transportation  methods 24-25 

Gundelia  t-oumefortii,  use  as  vegetable  in  Palestine  and  description 35 

Kackel,  wheat  classification 38-39 

Bahn,  Eduard,  opinion  as  to  the  preserving  of  grain  by  ancients 47 

^laifa,  sesame,  value  in  markets  of  Marseille  and  Germany 31 

shipment  of  "  Akub  " 35 

wheat  sales,  variety  of  races,  description 32 

Halophytes,  Palestine,  introduction  into  United  States,  advantages 12-13 

Haaselquist,  study  of  Palestine  fruits. 25 

Hausknecht,  reference 40 

H«»bn)n,  production  of  raisins 25 

Hedcra,  Jowish  colony  of  watermelon  growers 34 
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Hedges,  suitable  stock  from  Palestine 14 

Hedysarum,  valuable  legume  of  Palestine ., 28 

Hermon,  Mount,  olive-growing  section  of  Palestine 21 

original  home  of  rye 45 

regions,  nativity  of  wild  emmer 44 

Herodotus,  reference 36 

Hieromax  Valley,  Palestine,  date  production 23 

Homer,  reference 36 

Hoops,  opinion  as  to  origin  of  rye 46 

region  first  cultivating  cereals 50 

Hordeum  distichon,  cultivation  in  Damascus 32 

hexastichon,  description 32 

true  six-rowed  barley,  origin 37 

ithaburense,  wild  form  of  H.  distichon 37 

spontaneum,  discovery  near  Dead  Sea 46 

origin  at  Raaheyya,  Palestine 38 

wild  form  of  H.  distichon 37 

vulgare,  common  six-rowed  square-headed  barley,  origin 37 

description 32 

pallidum,  cultivation  in  southern  Palestine 32 

Husmann,  George  C,  statement  regarding  varieties  of  Palestine  grapes 25 

**Hutmali"  orange.    See  Orange,  "Hutmali." 

Idaho,  comparison  with  Trans- Jordan  region,  Palestine 11 

I jzim,  village  of  Palestine,  superiority  of  olives 20 

Introduction  to  bulletin 7-8 

Jaffa  orange.    See  Orange,  Jaffa. 

Jericho,  center  of  date  culture  in  biblical  times 22 

olive-growing  section  of  Palestine 21 

Jordan,  Valley,  occurrence  of  emmer 48 

wheat  studies 37 

See  also  Cis- Jordan  and  Trans-Jordan. 

Jujube,  Chinese,  grafting,  suitable  stock  from  Galilee  for  various  soils 14 

Juraflsic  dolomites.    See  Dolomites,  Jurassic. 

limestones.    See  Limestones,  Jurassic. 

^' Kamh  barri,"  Arab  name  for  wild  wheat 45 

"Kamr-ed-din,"  apricot  paste,  use  by  Mohammedan  soldiers  and  value 17-18 

"Kelabi,"  kernels,  exports  from  Damascus '. 17 

Kherson  oats.    See  Oats,  Kherson. 

Kirk-Agatch,  Anatolia,  cultivation  of  muskmelons 34 

Komicke,  cereals,  studies 38 

references 44  45, 50, 51 

Kotachy ,  Hordeum  spontaneum,  collecting  at  Rasheyya,  Palestine 38 

Kutteins,  dried  figs  of  Palestine,  use 21 

Lamartine,  discussion  of  Jaffa  orange 25-26 

Lebanon,  occurrence  of  Triticum  dicoccum  dicoccoides 49 

olive-growing  section  of  Palestine 21 

Lecanium  olese,  olive  scale,  destruction  by  cold 21 

Legumes,  forage  plants  in  Palestine,  varieties,  description,  etc 27-28 

Palestine,  new  to  United  States,  varieties,  description,  etc 28-32 

See  also  Berseera,  Carob,  Chick-pea,  Medicago,  Melilotus,  Sesame,  Trifolium, 
and  Trigonella. 

Leguminosse,  forage  plants  in  Palestine,  varieties,  description,  etc 27-28 
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Limestones,  Cenomanian,  occurrence  of  Triticum  dicoccum  dicoccoides 48 

Eocene,  occurrence  of  Triticum  dicoccum  dicoccoides 48 

Jurassic,  occurrence  of  Triticum  dicoccum  dicoccoides 48 

Turonian,  occurrence  of  Triticum  dicoccum  dicoccoides 48 

Link,  H.  F.,  reference 36-37 

Limiseus,  study  of  Palestine  fruits 25 

Lotes,  valuable  legume  of  Palestine 28 

Magdala,  date  production,  early  history 22 

" ftfalissi "  pomegranate.    See  Pom^ranate,  * '  Maliesi . ' ' 
Malta  orange.    See  Orange,  Malta. 

Uedicago,  leguminous  plant  of  Palestine 11 

Melilotus,  leguminous  plant  of  Palestine 11 

Minet  Abu-Zabura,  exportation  of  watermelons 34 

Mount  Carmel.    See  Carmel,  Mount. 
Hermon.    See  Hermon,  Mount. 

Much,  opinion  as  to  origin  of  rye 46 

region  first  cultivating  cereals 50 

"Muschmusch  kelabi''  apricot.    See  Apricot,  "Muschmusoh  kelabi." 

Muskmelon,  "Casaba,"  cultivation  in  California 34 

cultivation  in  Csesarea,  origin  and  description 34 

Nabali  olives.    See  Olives,  Nabali. 

Nari,  description  of  formation 48 

Nodules,  formation  on  roots  of  Calligonum  comosum,  description  and  value...  36 

Kubia,  occurrence  of  Triticum  dicoccum  dicoccoides 48 

"Nursy"  wheat.    See  Wheat,  "Nursy." 

Nut,  pistache,  grafting,  valuable  stock  from  Palestine  for  various  soils 14 

OatB,  cultivated,  origin 37 

Kherson,  introduction  from  Orient 7 

wild,  dissemination 39-40 

See  also  Avena  and  Cereals. 

OleaslTum,  Algerian  olive,  origin,  description,  etc 19 

Olive,  "Damascus,"  quality,  description,  etc 20 

parasites.    See  Parasites,  olive, 
scale.    See  Scale,  olive. 

Olives,  Chemlali,  of  Sfax  (Tunis),  reference 19 

cultivated,  varieties,  description,  etc 19-21 

effect  of  low  temperatures,  comparison  of  Palestine  and  United  States.  20-21 

Nabali,  of  Et-Tireh  and  southern  Palestine,  comparison  of  quality 19-20 

Palestine,  southern,  characteristics  and  defects 19 

varieties,  description,  etc 18-21 

production,  beneficial  effects  of  cold  winters 21 

productivity  and  quality,  record  held  by  Er-Rameh,  Upper  Galilee. . .  20 

wild,  varieties,  description,  etc 19 

Orange,  "  Beledi, "  production  at  Saida,  description,  and  yield 27 

" Damaoui-,"  production  at  Saida,  description 27 

"Hutmali,"  production  at  Saida,  description 27 

Jaffa,  African  and  American,  comparison  with  true  Jaffa  orange 26-27 

comparison  with  Malta  orange 26 

cultivation  in  the  Orient,  description,  etc 25-27 

origin,  description,  and  exportations 26 

shipping  qualities  and  method  of  shipment 26 
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Orange,  Malta,  comparison  with  Jaffa  orange 26 

Schamouti,  grafting,  methods,  stock,  etc 26 

Oranges,  recent  introduction  into  the  Orient 25 

Oregon,  comparison  with  Trans-Jordan  region,  Palestine 11 

Orient,  agricultural  possibilities • 7-8 

exploration,  botanical-agronomic,  necessity 33 

Palestine  and  California,  analogy 8-13 

Syria,  rediscovery  of  wild  emmer,  description,  etc 42-49 

climate  and  rainfall,  comparison  with  California 8-10 

conformation,  comparison  with  California 8 

dates,  cultivation,  etc 22-24 

figs,  cultivation,  varieties,  etc 21-22 

flora,  species,  comparison  of  number  with  Algeria 11 

California 11 

forage  plants,  varieties,  description,  etc 27-28 

fruits,  cultivated,  adaptability  to  United  States 17-18 

geological  formation,  comparison  with  California 10-11 

grapes,  cultivation,  varieties,  uses,  etc 1 24-25 

Jaffa  oranges,  cultivation,  description,  etc 25-27 

legumes  new  to  United  States,  varieties,  description,  etc 28-32 

location  and  size,  comparison  with  California 8 

mountains,  comparison  with  California 8 

plants,  economic,  worthy  of  introduction  into  United  States 13-17 

topography,  climate,  agricultural  possibilities,  etc.,  comparison  with 

California 8-13 

Trans-Jordan  region,  comparison  with  California,  Oregon,  and  Idaho. .  11 

useful  plants,  possibilities  of  introduction  into  United  States 7-8 

vegetation,  comparison  with  California 11-13 

Paliurus  spina-christi,  adaptability  to  United  States,  description,  etc 14 

Palmyrian  apricot.    See  Apricot,  "Tadmuri." 

Panicum  tuiigidum,  seeds,  use  in  bread  making  in  Sahara 47 

Parasites,  olive,  destruction  due  to  low  temperature 21 

Paste,  apricot.    See  Apricot  paste. 

Pear,  wild,  Palestine,  adaptability  to  humid  r^ions  of  United  States,  descrip- 
tion, etc 16-17 

See  also  Pyrus. 

Pears,  grafting  stock,  introduction  from  Palestine 16 

Pennisetum,  use  in  bread  making  in  Africa 47 

Persia,  wheat,  cultivation  by  Bactrians 40 

Persimmons,  artificial  ripening  in  Japan,  method 24 

Pistache  nut.    See  Nut,  pistachc,  and  Pistacia. 

Pistacia  atlantica,  adaptability  to  United  States,  description,  etc 14 

palaestina,  adaptability  to  United  States,  description,  etc 14 

terebinthus,  adaptability  to  United  States,  description,  etc 14 

Pistacia.    See  also  Nut,  pistache. 

Plants,  cultivation,  earliest  history 36 

effect  of  pacification  in  Orient 33 

nineteenth  century  study 36-37 

economic,  Palestine,  worthy  of  introduction  into  United  States 13-17 

forage,  Palestine,  varieties,  description,  etc 27-28 

medicinal,  Palestine,  varieties,  description,  etc 34-36 

useful,  possibilities  of  introduction  from  Palestine 7-6 
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Plants,  wild,  use  as  vegetables  in  Palestine  and  description 35 

Plum,  bear,  fruit  of  Mount  Hermon,  Palestine,  description,  etc 15 

damson,  derivation  of  name  from  Damascus 1 

Poas,  use  in  bread  making  by  African  negroes 47 

Pom^ranate,  ''Bint-el-Bascha,"  description,  etc 18 

"Malissi,"  varieties,  description,  etc 18 

Pomegranates,  cultivation  in  Syria  and  Palestine,  varieties,  description,  etc.. .  18 

Post,  6.,  reference 42 

Prototypes,  wild,  of  wheat  and  other  cereals  in  Palestine 36-42 

Pninus  cerasia,  damson  plum  prototype,  adaptability  to  United  States,  descrip- 
tion, etc , 15 

microcaipa,  adaptability  to  United  States,  description,  etc 15 

spinosa,  use  as  apricot  stock  in  northern  S3rria 17 

ursina,  adaptability  to  United  States,  description,  etc 15 

"  Purple  Damascus  "  grape.    See  Grai>e, ' '  Purple  Damascus. ' ' 

Pyrus  nobilis,  promising  wild  pear  from  Palestine 17 

-  syriaca,  adaptability  to  humid  regions  of  United  States,  description,  etc.  16-17 

Quinces,  Palestine,  characteristics 18 

Rachis,  brittle,  in  cultivated  wheats 40 

grain,  e£fect  in  thrashing 39 

primitive  cereals 39-40 

rigid,  development  in  barley,  studies  and  results 39-40 

wheat,  studies 40 

Rainfall  and  climate,  Palestine 8-9 

Raisins,  production  in  Palestine,  value 25 

Rasheyya,  Palestine,  origin  of  wild  wheat,  or  emmer 38 

Rhine,  Lower,  and  Westphalia  Society,  discovery  of  wild  wheat,  report 38 

Robenhausen,  lake  dwellings,  discovery  of  emmer 42 

Russia,  wheat,  cultivation  as  forage  plant 40 

introduction  into  United  States 7 

Rye,  cultivated,  discovery  in  Syria 45-46 

origin 37 

discovery  in  wheat  field  in  Damascus 45^6 

origin  in  Palestine 46 

not  European 46 

wild,  discovery  in  Syria,  habits,  history,  etc 45-46 

See  also  Cereals  and  Secale. 

Safed,  experiments  with  chick-peas 30-31 

olive-growing  region  of  upper  Galilee 21 

Sahara,  bread  making  from  Aristida  pungens  seeds 47 

Panicum  turgidum  seeds 47 

Saida,  Palestine,  oranges,  production,  varieties,  and  description 27 

St.  John's  bread  tree.    See  Carob  tree. 

"Saki,"  use  in  artificially  ripening  persimmons  in  Japan 24 

Saltbushes,  Palestine,  varieties  and  description 28 

Sand  dunes.    See  Dunes,  sand. 

Scale,  olive,  destruction  by  low  temperature 21 

*'Scha'ir  iblisse,"  Arabs'  name  for  wild  barley 45 

Schamouti  orange.    Su  Orange,  Schamouti. 

Schliemann,  early  discovery  of  wheat 41 

Schweinfurth,  references 42, 43, 45, 48, 49, 51 

Secale  cereale,  growth  in  wheat  field  at  Damascus 45-46 
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Secale  cereale,  origin 57 

montanum,  prototype  of  cultivated  rye 37 

Seedfl,  colocynth,  use  in  bread  making  in  Siwah 47 

Senebiera  lepidoides  seeds,  use  for  food  by  Touaregs 47 

Serbes,  wheat  cultivation 40 

Sesame,  experiments  in  crop  rotation  in  semiarid  regions  of  United  States 32 

growing,  preparation  of  soil,  methods,  and  difficulties 31 

Haifa,  value  in  markets  of  Marseille  and  Germany 31 

Jaffa  or  Ghor,  comparison  with  Haifa  sesame 31 

races,  adaptation  to  local  conditions,  importance  of  selection 31 

unfitness  for  introduction  into  United  States,  causes 31-32 

valuable  legume  of  Palestine,  varieties,  description,  etc 31-32 

Shrubs,  evergreen,  growth,  comparison  of  Palestine  and  California 11 

Sidon,  early  name  for  Saida 27 

Siwah,  Tibbus,  use  of  seeds  of  colocynth  for  food 47 

Smyrna  fig.    See  Fig,  Smyrna. 

watermelons,  shipment  from  Palestine 34 

Solms-Laubach,  Count,  cereals,  cultivation,  early  studies 37, 49 

Spelt,  retention  of  brittle  rachis,  study 40 

Swabians,  wheat,  cultivation 40 

Sweet-pod  tree.    See  Carob  tree. 

Syria,  adaptability  of  wild  emmer 52 

and  Palestine,  rediscovery  of  wild  emmer,  c?escription,  etc 42-49 

rye,  wild  and  cultivated,  discovery 45-46 

"Tadmuri"  apricot.    See  Apricot,  "Tadmuri." 

Tamarix  articulata,  cultivation  in  southern  Tunis  and  adaptability  for  United 

States 35 

use  for  tannin  in  Palestine  and  description 35 

Tannin  in  artificially  ripened  dates  in  Palestine 23-24 

use  of  *'  Athl "  galls  in  Palestine 35 

Tarim,  original  home  of  cereals 49 

Tell  Nimrin,  occurrence  of  emmer 48 

Thompson  Seedless  grape.    See  Grape,  Thompson  Seedless. 

Tibbus,  of  Siwah,  bread  making  from  colocynth  seeds 47 

Tiberias,  watermelons,  cultivation  and  description 34 

Touaregs,  use  of  seeds  of  crucifers  for  food 47 

Touzelle  wheat.    See  Wheat,  Touzelle. 

Trabut,  wheat  crossing,  experiments 41 

Trans-Jordan,  nativity  of  wild  emmer 44 

Trifolium  alexandrinum,  origin  and  description 28 

carmeli,  description 28 

leguminous  plant  of  Palestine 11 

panormitanum,  wild  legume  of  Palestine 28 

sp.,  valuable  legume  of  Palestine 28 

supinum,  wild  legume  of  Palestine 28 

Trigonella,  leguminous  plant  of  Palestine 11 

Triticum  aestivum,  crossing,  experiments 37 

cultivation  in  Palestine 32 

origin,  study  by  Count  of  Solms-Laubach 49 

classification  and  development,  study  by  KSmicke 38 

dicoccum,  cultivation  as  forage  plant 40 
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Triticum  dicoccum  dicoccoideB,  appearance  only  on  uncultivatwl  soils 44 

diBtribution,  habita  of  growth,  etc.,  ptiidie-s. .  44 

nativity 44 

origin  and  significance  of  name 42 

soils,  locations,  and  habits 48-49 

origin  at  Rasheyya,  Palestine 38 

durum,  cultivation  in  Palestine 32 

melanopus,  presence  of  rye  in  field 45-46 

races,  description 32 

monococcum,  cultivation  as  forage  plant 40 

prototype,  discovery  and  description 40-41 

ovatum^  wheat-crossing  experiments 37 

spelta,  cultivation  as  forage  plant 40 

tuigidum,  cultivation  in  Palestine 32 

vulgare  dicoccoides,  prototype  of  cultivated  wheats 38 

wild,  varieties  and  description 43^4 

Troy,  early  discovery  of  wheat 41 

Tunis,  adaptability  of  wild  emmer 52 

cultivation  of  "Athl" 35 

Turkestan,  adaptability  of  wild  emmer 52 

Turkey,  Government,  studies  of  range  of  wild  emmer 46-48 

wheat,  introduction  into  United  States 7 

Turonian  limestones.    See  Limestones,  Turonian. 

Um-er-Ruman,  Galileean  village  known  as  "mother  of  the  pomegranate" 18 

United  States,  arid  r^ons,  adaptability  of  wild  emmer 52 

Vegetation,  forms,  comparison  of  Mount  Tamalpais,   California,  and  Mount 

Carmel,  Palestine 11 

Palestine 11-13 

Vicias,  valuable  legumes  of  Palestine 28 

Vienna,  national  museum,  exhibit  of  wild  emmer  from  Palestine 38 

Vilmorin,  wheat,  crosses  and  hybrids,  experiments  and  result* 39 

experiments 40-41 

Vinegar,  use  in  artificially  ripening  dates  in  Palestine 23-24 

Vinson,  experiments  in  artificially  ripening  dates  in  Arizona 24 

Von  Tschermak,  wheat,  crossing,  experiments 41 

VoBBische  Zeitung,  account  of  experiments  of  Professor  K6rnicke 51 

Wady  Waleh,  discovery  of  wild  emmer 46-47 

Wangen,  lake  dwellings,  discovery  of  emmer 42 

Warbuig,  reference 42 

Watermelon,  ** abu-taba,"  description 34 

exports 34 

cultivation  in  Tiberias  and  description 34 

races,  cultivation  in  Palestine 34 

See  aUo  CitruUus. 

Werner,  reference 38 

Wheat,  age  of  crop,  comparison  with  earliest  growth  of  barley 45 

ancient  history,  origin,  and  fatherland,  early  writings 36-37 

classification  and  development,  study  by  KSmicke  and  Hackel 38-39 

artificial,  diflSculty  of  maintenance 39 

botanical,  list 38-39 

crossing,  early  experiments 37 

experiments 39 

cultivation,  early,  in  Asia 49 
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Snt :  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
publication  as  Bulletin  No.  181  of  the  Bureau  series  a  manuscript 
wititled  "The  Curly-Top  of  Beets,"  by  Harry  B.  Shaw,  Assistant 
Pathologist  in  Cotton  and  Truck  Diseases  and  Sugar-Plant  Investi- 
gations of  this  Bureau,  in  cooperation  with  the  Bureau  of  Ento- 
mology. 

The  sporadic  outbreaks  of  this  disease  have  caused  much  loss  to 
sugar-beet  growers  in  our  Western  States  during  the  past  ten  years. 
Curly-top  has  been  under  investigation  by  this  Bureau  since  1902,  and 
Bulletin  No.  122  of  this  Bureau,  by  Dr.  C.  O.  Townsend,  was  pub- 
lished in  1908  to  show  the  lack  of  proof  that  bacteria,  fungi,  or  un- 
favorable environmental  conditions  were  the  cause  of  curly-top. 
Since  that  date  Mr.  Shaw  has  proved  that  the  disease  results  from  the 
punctures  of  an  insect,  a  theory  previously  advanced  by  Dr.  E.  D. 
Ball,  then  special  agent  of  the  Bureau  of  Entomology.  This  group 
of  plant  diseases,  another  example  of  which  is  stigmonose  of  carna- 
tions, described  by  Mr.  A.  F.  Woods  in  Bulletin  No.  19  of  the 
Division  of  Vegetable  Physiology  and  Pathology,  is  of  special  inter- 
est to  the  plant  pathologist  on  account  of  the  physiological  problems 
involved,  but  the  practical  control  of  these  troubles  must  be  based 
largely  upon  studies  by  the  entomologist. 

To  make  this  discussion  of  curly-top  more  complete  and  of  greater 
practical  value  Mr.  Shaw  has  included  a  description  of  the  beet  leaf- 
hopper  and  its  life  history,  largely  drawn  from  the  work  of  Dr.  E.  D. 
Ball,  whose  assistance,  and  that  of  Dr.  F.  H.  Chittenden,  of  the 
Bureau  of  Entomology,  is  gratefully  acknowledged. 

Further  knowledge  of  the  most  effective  means  of  control  is  hoped 
to  result  from  studies  planned  in  cooperation  with  the  Bureau  of 
Entomology. 

Respectfully,  G.  H.  Powell, 

Acting  Chief  of  Bureau. 

Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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THE  CURLY-TOP  OF  BEETS. 


INTBODVCnON. 

Through  various  publications  the  serious  nature  and  general  char- 
acter of  the  curly-top  of  beets  are  fairly  well  known,  either  under 
that  name*^  or  more  locally  as  "blight,"  "western  blight,"  or 
"  whiskered  beets."  These  names  are  descriptive  of  one  or  another  of 
the  symptoms  manifested  by  «ie  stricken  plants.  Apparently  no 
kind  of  beet  is  immune.  "^   2 

Recent  experiments  and  observations  have  demonstrated  not  only 
the  primary  cause  of  this  disease,  but  that  it  is  an  even  greater  menace 
to  the  production  of  beet  seed  than  to  the  culture  of  beets  for  sugar. 

SYMPTOMS  OP  CXJBLY-TOP. 
EXTERNAL  SYMPTOMS. 

The  external  symptoms  of  curly-top  are  numerous  and  may  be 
found  in  all  parts  of  affected  plants.  Commonly  the  earliest  to  ap- 
pear is  an  inward  curling  of  the  inner  leaves  from  the  entire  margin 
toward  the  midrib.  Almost  simultaneously  a  distortion  of  the  veins 
of  the  affected  leaves  may  be  noted ;  these  become  crinkled  and  knotted 
on  the  dorsal  surface  of  the  leaf  (PI.  I,  fig.  1,  and  PL  II,  fig.  1). 
As  the  disease  progresses  more  leaves,  and  finally  the  whole  plant, 
become  involved;  nipple-like  protuberances  develop  on  the  veins, 
sometimes  to  the  length  of  about  three-sixteenths  of  an  inch,  and  the 
whole  leaf  becomes  tightly  curled  from  either  side.  The  petioles 
remain  much  shorter  than  in  the  normal  plant  (fig.  1)  and  become 
bowed,  with  the  concavity  inward ;  the  crown  is  generally  quite  per- 
ceptibly wider  than  in  the  healthy  beet,  owing  largely  to  an  abnormal 
growth  of  small  and  imperfectly  formed  leaves  outside  of  and  around 
the  original  set  of  leaves ;  and  the  leaves  and  petioles  bunch  closely 

•"BUght"  is  used  in  so  many  other  connections  that  it  is  deeme<l  better  to 
BTOId  Its  use  in  this  paper;  neither  is  "curly-leaf"  considered  quite  as  inclu- 
sive as  "  curly-top,"  since  the  latter  term  includes  crown,  petioles,  leaves,  and 
seed  sterna  However,  it  is  acknovvledged  that  '*  curly-top  "  is  not  an  ideal  name, 
because  it  foils  to  include  the  disturbances  found  in  the  root 
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10  THE   CURLY-TOP  OF  BEETB. 

together  instead  of  opening  out  and  spreading  (PL  II,  fig.  2,  and 
PLIII,flg.  1). 

The  foliage  is  generally  of  a  dark,  dull-green  color  and  quite 
brittle,  though  thick  and  leathery  in  appearance.  In  severe  cases, 
especially  among  young  plants,  the  outer  leaves  soon  become  yellow, 
die,  and  turn  brown ;  the  inner  whorls  follow,  until  the  entire  plant  is 
killed. 

The  roots  throw  out  dense  masses  of  rootlets  from  the  two  spiral 
grooves;  hence  the  names  "hairy -root"  and  "whiskered  beets." 
(See  PI.  II,  figs.  1  and 
2.)  The  root  itself 
looks  tough  Kud  I  ms 
and  in  many  cat  w- 
comes  sprang  g. 
When  put  lee  ip, 
masses  of  soil  el  to 
the  hair -like  rwoets 
and  are  with  difficulty 
shaken  off.  The  growth 
of  every  portion  of  thfl 
plant  is  checked,  if  not 
entirely  arrested. 

In    many   cases   the 
leaf  -  curl   assumes  an 
alternative  form.     In- 
stead   of    an     inward 
curl,  the  leaf  as  a  whole 
becomes    strongly     re- 
tracted and  each   por- 
tion between  the  targei 
veins    is    puffed 
This  results  in  a  blis- 
tered or  "savoyed"  ef- 
fect  In  this  latter  type 
the  vein  symptoms  are 
not    usually    so    pro- 
nounced.     Sometimes 
the  two  types  are  com- 
bined; the  leaf  as  a  whole  is  then  retracted,  but  the  margin  curls 
inward  (figs,  2  and  3).     Frequently  wine-colored  stains  develop  in 
the  form  of  small  circular  spots  over  the  surface  of  leaves  of  mangel- 
wurzels  and  garden  beets,  but  no  local  discoloration  has  been  noted  M 
sugar  beets  except  a  faint  mottling  of  y«>ung  leaves  which  can  only  ba 
seen  by  transmitted  light 
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8THPT0US  IN  SEED  BBBT8. 


When  beets  are  grown  a  second  .season  for  the  production  of  seed 
the  symptoms  of  the  plants  affected  with  curly-top  are  similar  to 
those  already  described,  but  a  much  larger  proportion  of  the  re- 
tracted type  prevails.  In  addition,  many  seed  beets  ■  ar«  quite  unable 
to  develop  seed  stems;  instead,  the  leaves  gradually  wither  and  the 
whole  plant  dies.     In  other  cases  feeble  stems  are  produced   whidi 
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Pro.  3. — Curly-top  sutrar  lx>el,  dorsal  surface  of  Icares;  tbe  same  plant  sbown  In  fl^re  £. 

may  or  may  not  reach  the  flowering  stage  and  then  dry  up  and  die; 
still  othfirs  possess  enough  vitality,  though  badly  dwarfed  and  stunted, 
to  bear  and  mature  seed  (PI.  VI,  fig.  1). 

Quite  frequently  the  roots  of  seed  beets  affected  with  curly-top 
are  found  to  have  rotted  areas  of  varying  extent,  sometimes  involving 

"Wblle  tbe  term  "  motber  beet"  is  probabi;  the  more  familiar  one,  "seed 
beet"  18  considered  better,  inasmuch  as  beet  flowers  contain  iKtth  male  and 
female  orgaoa.  The  term  "  mother  beet "  implies  that  the  flowers  of  the  seed- 
bearing  plant  contain  only  the  female  organs. 
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the  greater  part  of  the  root  (PL  VIII,  fig.  1).  This  is  not  to  be 
attributed  to  curly-top,  but  is  probably  brought  about  by  the  entrance 
of  various  organisms,  such  as  Phoma  hetae^  Rhizoctonia,  etc.  On 
the  other  hand,  the  root  may  remain  sound  and  crisp,  though  the  top 
mav  exhibit  every  symptom  of  a  severe  case  of  curley-top  (PL  VIII. 

ONLY   ONE   SYMPTOM    REALLY    CHARACTEHI8TIC. 

is  to  be  remarked  that  most  of  the  symptoms  of  curly-top,  taken 
idually,  may  appear  under  other  pathological  or  physiological 

ons;  so  far  as  observed,  the  one  real  exception  is  the  vein 
s.    However,  the  totality  of  the  symptoms  described  in  this 

ion  has  not  been  observed  apart  from  curly-top. 

CAtrSE  OF  THE  DISEASE. 

THEORIES. 

Until  quite  recently  the  cause  of  curly-top  was  unknown.  Numer- 
4|us  theories  have  been  advanced  to  account  for  it.  Among  the  more 
lusible  are  the  following:  Bacteria,  fungi  attacking  the  leaves, 
igi  attacking  the  roots,  insects,  abnormal  moisture  supply,  abnor- 
9oil  conditions,  poor  seed,  and  a  combination  of  unfavorable  con- 
(26,  ^7). 
:er  wide  field  observations  Dr.  E.  D.  Ball,  then  special  agent  of 
Bureau  of  Entomology,  stated  (4,  5,  6)  that  in  his  opinion  the 
is  caused  by  the  beet  leafhopper*  {Eutettix  tenella  Baker, 
I,  fig.  1).  Prof.  E.  G.  Titus,  formerly  collaborator  of  the  Bureau 
Xintomology,  while  engaged  in  entomological  experiments  observed 
appearance  of  curly-top  on  beets  in  breeding  cages  in  which  some 
biet  leafhoppers  were  found  (6;  also  footnote,  p.  23). 

PRELIMINARY  EXPERIMENTS. 

The  writer  first  turned  his  attention  to  the  curly-top  of  beets  late  in 
the  summer  of  1907.  Early  in  June  of  that  year  he  had  noted  in  the 
experimental  field  at  Garland,  Utah,  a  few  cases  of  the  disease  among 
sugar  beets.  The  earliest  of  these  were  among  pedigree  strains  and 
among  garden  beets,  both  of  which  germinated  and  grew  with  much 
less  vigor  than  the  standard  varieties  of  sugar  beets.  As  the  season 
advanced  more  cases  appeared   sporadically  throughout  the  field. 

•  In  this  paiier  the  beet  leafhopper  {Eutettix  ienella  Baker)  will  be  referred  to 
simply  as  the  leafhopper. 
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Among  the  standard  varieties  there  was  apparently  little  difference 
in  susceptibility.  Several  species  of  leafhopper  were  noted  as  being 
generally,  though  not  abundaiit^,  distributed  over  the  field.  A  small 
lot  ^  seed  w«s  i^wti  hn  Ju(y ;  ^uilbe  late  m  dbe  season  sooie  of  tiie  seed- 
lit:^  wet^  indldsed  in  a  ckeesedodi-covered  cage  to  exidude  leaf- 
ko|p{3(iets  ^iJLkA  otiher  insects. 

No  "C^uriy-top  developed  among  the  caged  plants;  some  cases  ap- 
{yeai«d  in  the  open  row.  This  experiment  was  of  little  value,  because 
all  of  the  plants  had  been  exposed  to  insects  for  some  time  befoi-e  any 
of  the  plants  were  isolated.  Plans  were  then  made  to  observe  the 
beets  with  special  reference  to  this  disease  from  the  outset  of  the 
following  season. 

With  the  beginning  of  the  season  of  1908  various  experiments  were 
started  looking  to  the  solution  of  this  problem.  These  covered,  in  a 
preliminary  way,  almost  all  the  ground  suggested  by  the  theories 
heretofore  mentioned,  with  negative  results  so  far  as  curly-top  is 
concerned.  The  ground  being  thus  cleared,  the  experiments  were 
focused  on  the  study  of  the  effects  of  the  work  of  certain  sucking 
insects,  notably  thrips,  red  spiders,  aphides,  and  leafhoppers,  all  of 
which  were  numerous  in  our  field  at  Garland. 

It  was  observed  that  each  of  these  insects  produced  characteristic 
effects  on  beet  leaves.  At  the  outset  it  was  deemed  desirable  to 
ascertain  the  specific  effects  of  the  attacks  of  each  kind  of  insect 
upon  beets.  This  was  desirable  not  only  to  determine  conclusively 
whether  any  of  these  might  produce  the  curly-top  symptoms,  but, 
in  case  they  did  not,  to  know  just  what  the  effects  of  each  might  be. 
Since  all  of  these  insects  abound  on  beets,  it  was  necessary  to  be 
able  to  discriminate  the  work  of  each  one  from  that  of  the  others. 
Then,  in  case  it  was  found  impracticable  entirely  to  exclude  the 
tiny  insects  from  beets  isolated  with  leafhoppers,  it  might  be  easy 
to  distinguish  effects  that  could  not  have  been  produced  by  thrips, 
red  spiders,  or  aphides.  In  practice  it  was  possible  to  exclude  all 
except  a  very  few  thrips,  which  entered  the  cages  through  the 
soil. 

ISOLATION   CAGES. 

The  construction  of  some  of  these  cages  will  be  imderstood  on 
referring  to  figures  4  and  5.  A  foundation  frame  of  J  by  6  inch 
lumber  was  used.  This  was  sunk  in  the  soil  about  2  inches  to  pre- 
vent the  entrance  or  egress  of  insects  beneath  the  cage.  Upon  this 
foundation  a  frame  of  laths,  stout  wire,  or  J-inch  soft  iron  rods 
bent  into  hoops  was  made  (fig.  5).    Over  the  frame  was  stretched 
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loosely  a  covering  of  chiffon  or  silk  veiling;  then  over  that  one 
of  Brussels  netting  (Bg^j.  i  and  5).  The  chiffon  is  impenetrable 
to  the  insects,  but  will  not  withstand  the  weather;  the  Brussels  net 


is  strong,  but  will  exclude  nothing  smaller  than  adiilt  leaflioppers; 
therefore  botli  materials  were  used  together.  These  covers  were 
drawn  well  down  the  sides  of  the  foundation  frames  and  secured 


F:o,  5. — Another  typo  of  Isolation  cage. 

there  by  tacking  laths  over  their  free  margins  to  the  sides  of  the 
foundation   frame.     Sjiecial   tnirc   was   taken   to   make   the  corners 
tight.     To  place  insects  in  tiie  cage  a  lath  was  temporarily  removed 
33801— Bui.  lai— 10 3 
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from  one  side  and  the  edge  of  tlie  cover  raised.  The  hoops  of  iron 
rod  are  especially  useful  for  cages,  covers,  etc.,  and  may  readily  be 
made  by  bending  lengths  of  the  rod  over  the  edge  of  a  board  that 
has  been  cut  to  the  jiroper  size  and  shape,  as  shown  in  figure  G.  It 
will  be  noted  that  the  sides  of  this  board  are  convergent.  Tliis  is 
done  to  take  np  the  resilience  of  the  iron  rod;  otherwise  the  hoops 
would  straddle  too  much. 

In  cages  1  and  2  a  standard  strain  of  beet  seed  was  sown  on  July 
18,  and  more  on  August  4.  This  germinated  and  grew  under  isola- 
tion conditions.  Bed 
spiders  and  aphides 
were  excluded,  btit  a 
few  thrips  gained  en- 
trance tlirough  the  soil. 
Cage  1  was  carefully 
partitioned  into  three 
insect-proof  chambers. 
Colonics  of  thrips  were 
introduced  into  cham- 
ber a;  into  It  six  adult 
beet  leaflioppers  were 
placed,  and  into  c  red 
spiders  from  the  I)eets 
in  the  open  field. 
Aphides  were  placed 
on  beets  in  cage  3. 
Cage  2  was  reserved  as 
a  "  control."  This  was 
done  on  August  25; 
from  that  time  the  rec- 
ord of  cage  1  is  as  fol- 
lows : 

August  2S.     Four   mon 
pliiced  In  b. 
Via.  e.— A  Blmplc  mrthod  ot  prppnrlng  Iron  hoops  (or  September 7.  (o)    Plaats 

maile  good  growth :  leaves 
dark  m'eeD.  mnuj-  of  Imior  ones  hiidly  dlstortcO,  some  beliin  ''Biivoyed"  nuil 
Home  cu|i  tiluii)e<l  by  tliriiw'  iittackH.  (fi)  S<'iirtcly  any  growth  miide;  learee 
liiiU,  lentLery,  niid  aomewLiit  blotched  or  faintly  mottled  when  seen  by  trans- 
initted  light;  some  leiivett  strongly  conciive;  no  vein  symptoms,  (c)  Condi- 
tions similar  to  a. 
September  8.  I'lncetl  a  few  more  hojipers  In  6. 

September  12.  (b)  Kour  of  the  earliest  sprouting  seedlings  show  some  carl 
on  morgln  of  Inner  leaves. 

September  17.  {(»)    Several  more  hoppers  Introduced.    One  leaf  complete)} 
curled. 
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September  21.  (&)  Three  plants  show  distinct  curly-top  symptoms  on  one  or 
more  lea  Fes.  , 

September  28.  (b)  Six  plants  affected  with  curly-top. 
October  15.  (6)  All  plants  plainly  affected. 

None  of  the  control  plants  became  affected  with  curly-top,  nor 
did  any  of  those  in  compartments  a  and  c.  Most  of  the  seedlings  in 
this  experiment  were  only  about  ten  days  above  ground  and  possessed 
but  two  paira  of  true  leaves  when  the  first  hoppers  were  introduced. 
The  first  unmistakable  signs  of  curly-top  were  noted  within  thirteen 
days  after  the  introduction  of  leafhoppers. 

In  another  frame  beet  seed  had  been  sown  on  June  10 ;  this  frame 
was  immediately  covered  with  netting  to  exclude  hoppers.  Some 
preliminary  experiments,  already  mentioned,  were  tried  in  this  frame, 
but,  as  stated,  with  negative  results  so  far  as  curly-top  is  concerned. 
The  plants  were  simply  checked  in  growth.  On  August  12  this 
frame  was  divided  in  the  same  way  as  cage  1.  Compartment  a  was 
used  for  controls  and  b  for  the  confinement  of  leafhoppers,  and  the 
plants  in  c  were  individually  covered  with  inverted  2-quart  Mason 
jars  as  follows:  Nos.  1,  2, 3,  and  10  with  thrips;  Nos.  6,  7,  and  8  as  con- 
trols; No.  4  with  red  spiders  and  thrips;  Nos.  11  and  12  with  red 
spiders;  No.  5  with  four  leafhoppers;  and  No.  9  with  two  leafhoppers. 
At  the  beginning  of  this  experiment  these  plants  were  two  months 
old.  The  outer  leaves  were  stripped  off  so  that  those  remaining 
should  not  be  too  crowded  under  the  jars.  All  the  leaves  left  on  the 
plants  were  immature,  and  in  them  active  cell  division  was  in  opera- 
tion.    The  record  for  this  cage  is  as  follows : 

September  1.  No.  5,  inner  leaves  curing  and  vein  symptoms  showing  (PI.  IX, 
fig.  1 )  ;  all  controls  unaffected,  except  from  confinement  under  glass. 

September  4.  No.  9,  inner  leaves  curling  and  vein  symptoms  appearing; 
controls  still  normal. 

In  eighteen  days  curly-top  symptoms  appeared  on  the  growing 
leaves  of  plants  two  months  old  at  the  start,  with  only  four  and  two 
adult  leafhoppers,  respectively.  Several  days  after  the  insects  were 
imprisoned  some  of  them  became  inoperative  because  they  stuck  to 
the  wet  walls  of  the  jars.  The  plants  were  constantly  bathed  in 
moisture  during  this  experiment. 

On  August  26  a  cage  was  placed  over  a  2i-month  beet.  Four  leaf- 
hoppers were  placed  in  this  cage.  On  August  30,  four  more  hoppers 
were  placed  in  this  cage.  On  September  6,  the  inner  leaves  were 
curling  and  vein  symptoms  appeared.     (See  PI.  IX,  fig.l.) 

Early  in  September  some  living  beet  leafhoppers  were  sent  in  mail- 
ing tubes  to  Dr.  C.  O.  Townsend,  at  Washington,  D.  C.  These  were 
placed  on  beets  in  isolation  cages  in  the  greenhouse,  as  follows :  Sep- 
tember 9,  two  hoppers;  September  16,  four  more  hoppers  iiitro- 
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duced ;  October  5,  four  of  the  eleven  plants  now  have  decidedly  curled 
leaves;  October  8,  seven  plants  now  affected;  October  14,  nine  plants 
now  affected ;  October  23,  ten  affected.  The  beets  grown  in  the  open 
greenhouse  beds  remained  healthy.  The  beets  were  quite  young; 
the  hoppers  were  adults. 

In  still  another  experiment  in  the  Garland  field  some  adult  leaf- 
hoppers  were  placed  in  a  cage  with  beets  not  less  than  three  months 
old,  the  outer  leaves  being  first  stripped  off.  In  this  case  the  disease 
was  longer  in  manifesting  itself,  but  when  it  appeared  it  took  the 
retracted  type  (figs.  2  and  3). 

NYMPH    OF    BEET    LEAFHOPPER    MORE    HARMFUL    THAN    THE    ADULT. 

During  the  season  of  1909  the  writer  sent  other  lots  of  beet  leaf- 
hoppers  to  the  Office  of  Sugar-Plant  Investigations,  at  Washington, 
D.  C,  and  duplicated  these  experiments,  with  similar  results.**  In 
addition,  in  order  to  determine  the  relative  effects  of  the  work  of 
nymphs  and  adults,  some  of  the  former  were  sent  from  Idaho  and 
caged  with  twelve  seedling  beets,  the  largest  of  which  Avas  not 
more  than  G  inches  in  leaf  spread.  Two  days  after  placing  these 
nymphs  in  the  cage  the  inner  leaves  of  two  beets  had  begim  to  curl ; 
in  three  days  three  and  on  the  eighth  day  four  plants  exhibited 
symptoms  of  the  disease.  At  the  end  of  sixteen  days  but  four  plants 
hhowed  curl  in  a  cage  in  which  adult  hoppers  had  been  imprisoned. 
On  the  fifteenth  day  all  of  the  plants  infested  by  the  nymphs  had 
decided  curly-top  symptoms.  Thus  it  is  shown  that  the  nymphs  are 
more  virulent  than  the  adults. 

In  addition  to  the  varied  conditions  under  which  these  experiments 
were  made,  a  further  set  of  conditions  was  introduced  in  the  field. 
A  portion  of  two  rows  of  sugar  beets  was  covered  with  a  white  muslin 
awning  about  15  inches  high.  The  plants  under  this  awning  finally 
thrust  their  leaves  against  it  and  became  badly  crowded  and  the  soil 
remained  comparatively  wet,  yet  the  disease  appeared  on  these  plants 
in  about  the  same  ratio  as  on  those  in  the  open  field. 

HISTOBY  OF  AN  OUTBREAK  OF  CUBLY-TOP  IN  THE  EXPERIMENTAL 

FIELD  AT  GABLAND,  UTAH. 

In  the  experimental  field  at  Garland,  Utah,  beet  seed  was  sown  on 
April  14  and  the  few  days  following.  This  is  some  two  weeks  later 
than  the  average  in  this  locality.  In  a  small  plat,  separated  from  the 
main  portion  of  the  field  by  an  irrigating  ditch  runninsf  east  and 
west,  were  sown  several  strains  of  seed  from  beets  grown  for  several 

<»  Grateful  acknowledgment  is  made  of  the  valuable  assistance  of  Dr.  C.  0. 
Townsend  and  Misses  X.  A.  Brown  and  C.  O.  Jamieson  in  condQCttog  the  cage 
experiments  in  the  greenhouse  at  Washington,  D.  C. 
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generations  in  very  alkaline  soil  and  known,  on  that  account,  to  be 
much  less  vigorous  than  standard  varieties  sown  in  the  main  portion 
of  the  field.  These  weakly  strains  occupied  all  of  the  small  plat 
except  four  rows  next  to  the  ditch ;  the  four  rows  comprised  strains 
of  about  ordinary  vigor.  On  May  4  a  small  proportion  of  these 
weakly  seeds  had  sprouted ;  the  weather  continued  cold  and  dry  and 
the  .seedlings  were  much  retarded.  On  May  20  a  few  beet  leafhoppers 
were  noted  on  this  plat.  By  June  13  all  of  the  beets  had  been 
thinned.  On  June  27  eighteen  cases  of  curly-top  had  developed 
among  the  first  few  rows  farthest  from  the  ditch.  The  beet  leaf- 
hoppers  appear  to  have  started  their  invasion  on  that  side,  but  at  this 
date  they  had  become  fairly  well  distributed  over  the  plat. 

On  July  9  ninety-five  cases  of  curly-top  had  developed ;  these  were 
mostly  confined  to  the  part  of  the  plat  where  the  hoppers  started. 
These  insects  were  now  rather  abundant. 

On  July  20  the  number  of  plants  showing  visible  signs  was  the 
same  as  on  the  9th.  Beet  leafhoppers  had  greatly  increased  in  num- 
ber and  were  working  over  the  entire  plat.  On  the  side  nearest  the 
ditch  the  beets  had  become  well  established  and  of  good  size.  After 
this  date  the  symptoms  developed  very  rapidly,  until  on  August  10 
there  were  over  three  hundred  cases. 

About  mid-October,  when  the  beets  were  dug,  only  a  small  per- 
centage of  them  was  free  from  signs  of  the  disease.  Every  plant  had 
then  been  for  some  time  infested  by  the  insects. 

Early  in  August  the  leaflioppers  had  spread  over  the  entire  field, 
but,  except  for  a  few  cases  on  the  edge  of  the  ditch  opposite  the  badly 
affected  plat,  practically  no  plants  in  the  main  field  exhibited  visible 
symptoms  of  curly-top.  Few  leafhoppers  could  be  found  in  adjacent 
fields  or  in  the  surrounding  district,  and  cases  of  curly-top  were  rare 
in  those  fields. 

The  spring  weather  was  unusually  backward,  with  cold,  driving, 
winds  through  May  and  the  greater  part  of  June.  The  sky  remained 
overcast  and  light  showei*s  were  frequent  during  the  greater  part  of 
this  period.  Until  about  mid-May  only  0.15  inch  of  rain  had  fallen, 
and  the  ground  had  become  very  dry.  During  the  latter  part  of  May 
2.69  inches  of  rain  fell;  during  June,  3.28  inches.  This  was  dis- 
tributed in  frequent  showers  of  little  weight.  The  strong,  cold  winds 
soon  dried  up  this  moisture.  It  was  not  until  July  was  well  advanced 
that  really  hot  weather  set  in.  During  that  month  but  0.34  inch  of 
rain  fell. 

EABLY  SOWING  ADVANTAGEOUS  IN  PREVENTING  CXJBLY-TOP. 

Since  it  appears  that  very  young  beets  or  those  in  any  way  re- 
tarded or  rendered  weakly  are  more  likely  to  succumb  to  attacks  of 
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• 

leafhoppers,  and  since  well-established  beets  show  a  decided  resistance 
to  these  attacks,  it  is  obvious  that  anything  assisting  the  establishment 
of  a  vigorous  and  early  stand  of  beets  will  at  least  render  much  less 
severe  the  effect  of  an  invasion  of  the  beet  leafhopper,  should  that 
chance  to  occur.  The  plants  may  even  entirely  fail  to  develop  curly- 
top  symptoms  in  the  latter  contingency,  though  they  will  inevitably 
be 'checked  in  growth.  However,  should  these  insects  be  very  nu- 
merous and  no  means  of  speedily  destroying  or  driving  them  away  be 
devised  and  put  in  operation,  the  beets,  however  large  and  vigorous, 
will  finally  succumb. 

A  striking  instance  of  the  advantage  of  early  planting  is  the  fol- 
lowing: Out  of  13  acres  of  a  single  field,  10  were  sown  with  beet  seed 
between  April  10  and  15,  the  remaining  3  acres  not  being  sown  until 
between  May  10  and  20.  Beet  leafhoppers  were  abundant  there  that 
season.  The  beets  planted  in  May  became  so  badly  affected  with 
curly-top  that  only  2  J  tons  of  beets  per  acre  could  be  harvested. 
From  the  10  acres  planted  in  April,  16  tons  per  acre  were  harvested, 
few  of  the  plants  showing  curly-top.  The  same 'kind  of  seed  was 
used  and  the  same  cultural  methods,  irrigation,  soil,  etc.,  prevailed 
over  the  entire  field.  The  disadvantage  of  late  sowing  and  poor  seed 
is  shown  in  the  case  recited  as  occurring  in  our  small  plat. 

• 

EXTKAGTION    OF   PLANT   JUICES   NOT   SXrFFIGIENT    TO   ACCOUNT 

FOB  THE  DISEASE. 

That  the  profound  disturbances  induced  in  beets  affected  with 
curly-top  are  not  alone  due  to  the  extraction  of  plant  juices  by  leaf- 
hoppers seems  obvious.  A  plant  like  the  beet  is  able  to  withstand 
the  loss  of  much  more  juice  than  could  be  extracted  by  the  few  leaf- 
hoppers that  are  necessary  to  induce  a  bad  case  of  curly-top.  The 
writer  saw  hundreds  of  such  insects  as  aphides  and  red  spiders  on 
beet  leaves,  and  the  only  apparent  effect  was  a  local  leaf-curl,  with 
discoloration  of  the  parts  attacked,  but  no  general  and  persistent  dis- 
turbance of  the  plant  as  a  whole,  except  when  the  entire  plant  was 
almost  covered  with  these  insects,  in  which  case  the  plant  was  severely 
checked  and  each  infested  leaf  curled.  But  new  growth  on  such 
a  plant  is  about  normal  if  the  insects  are  removed.  The  work  of  but 
one  leafhopper  for  a  few  minutes  on  a  young  beet  has  been  shown  to 
be  capable  of  inducing  the  curly-top  symptoms.  It  therefore  seems 
obvious  that  some  active  agent  is  left  in  the  plant  tissues  which  is 
capable  of  initiating  profound  disturbances. 

The  writer  has  observed  the  symptoms  only  in  growing  tissue, 
and  not  in  mature  leaves.  Apparently  all  division  is  strongly  in- 
hibited. This  inhibition  seems  to  operate  unequally,  for,  though  the 
growth  of  the  leaf  as  a  whole  is  checked,  the  vascular  bundles  seem 
to  be  held  back  more  than  the  parenchyma  between  the  vascular 
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bundles;  the  latter  soon  swells  out  between  the  larger  veins  and  pro- 
duces the  "  savoyed  "  effect  so  frequently  noted.  To  the  naked  eye  no 
puncture  is  visible,  nor  is  any  local  discoloration  due  to  the  punctures 
to  be  seen  by  reflected  light,  as  may  be  seen  in  the  case  of  other  species 
of  hopper — for  example,  Eutettix  strobi  Fitch,  which  leaves  a  crim- 
son-lake spot  at  the  site  of  every  puncture.  However,  on  careful  in- 
spection the  writer  has  been  able  to  discern  a  faint  mottling  of  green 
with  lighter  green  in  the  parenchyma  of  the  leaves  of  young  beets  by 
transmitted  light  when  the  curly-top  symptoms  were  developing. 

In  some  badly  infested  beet  fields  in  Idaho  the  writer  has  observed 
leafhoppers  feeding  on  the  dock  (Rumex  crispua  L.),  and  the  leaves, 
especially  the  inner  ones,  of  all  such  docks  were  thickly  besprinkled 
with  small,  wine-colored,  circular  spots.  These  spots  coalesce  when 
very  numerous  in  a  small  area,  and  if  they  appear  on  the  petioles 
and  veins  the  discoloration  runs  some  distance  along  the  fibro- vascular 
bundles.  As  these  leaves  get  older  they  become  suffused  with  red 
in  the  more  spotted  area  (PL  I,  fig.  2).  The  same  phenomenon  has 
also  been  noted  in  mangel-wurzels,  or  stock  beets,  infested  by  the 
leafhopper. 

CONDITIONS  FAVOHINa  AN  OXJTBBEAK  OF  CUBLY-TOP. 

It  has  been  stated  by  several  observers  that  dry,  hot  seasons  seem 
favorable  to  severe  outbreaks  of  curly-top,  either  because  such  con- 
ditions are  favorable  to  the  activity  and  multiplication  of  the  leaf- 
hoppers  or  because  detrimental  to  an  early  and  rapid  growth  of  the 
beets,  or  a  combination  of  both.  It  appears  that  a  cold,  dry,  back- 
ward spring,  when  the  seed  is  slow  to  germinate  and  makes  a  still 
more  tardy  growth  after  germination,  is  particularly  favorable  to 
an  outbreak  of  the  disease.  While  it  may  prove  true  that  hot,  dry 
weather  stimulates  the  activity  of  the  insects  and  renders  the  develop- 
ment of  the  disease  more  rapid  and  severe,  it  does  not  yet  appear  to 
be  established  that  to  keep  the  soil  about  the  beets  in  a  moist  condi- 
tion will  prevent  the  insects  from  invading  them,  from  multiplying, 
or  from  producing  the  disease.  However,  some  leafhoppers  may  be 
drowned  during  an  irrigation,  but  the  reduction  in  numbers  thus 
brought  about  is  not  considered  of  much  avail. 

Our  experiments  during  1908  and  1909  sliow  that  leafhoppei-s  are 
able  to  work  and  induce  the  disease  under  conditions  extremely 
varied,  both  as  regards  temperature  and  actual  and  relative  humidity. 
The  crucial  point  seems  to  be  the  nimiber  of  leafhoppers  infesting  the 
beets  in  relation  to  the  size  and  vigor  of  the  plants.  There  is  little 
doubt  that  the  weather  has  an  important  bearing  on  the  matter, 
mainly,  it  is  thought,  on  account  of  its  influence  on  the  growth  and 
consequent  resisting  power  of  the  beets;  also  quite  possibly  on  ac- 
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count  of  its  influence  on  the  leafhoppers.  Everything  considered, 
there  is  good  reason  to  urge  early  sowing  of  beets  in  order  to  get 
the  plants  well  established  before  leafhoppers  become  numerous. 

NATITBAL  AND  ABTIFICIAL  BABBIEBS  TO   LEAFHOPP£S 

INVASION. 

The  writer's  observations  as  to  the  disposition  and  manner  of  beet 
leafhopper  invasions  lead  him  to  think  that  certain  natural  and  arti- 
ficial barriers  check  or  prevent  the  invasions.  For  example,  the 
intervention  of  a  considerable  area  of  land  occupied  by  crops  not 
known  to  act  as  food  plants  to  the  beet  leafhopper  probably  acts  as 
a  more  or  less  effective  barrier  to  an  invasion,  while  land  immediately 
contiguous  to  a  wide  stretch  of  sagebrush  country  is  likely  to  be 
invaded  any  season  when  the  hoppers  are  abundant.  It  is  thought 
that  the  intervention  of  a  mountain  or  a  large  body  of  water  will 
act  as  a  barrier  and  that  the  direction  of  the  prevailing  winds  has  an 
influence.  Until  late  in  the  season  of  1909  the  writer  had  not  ob- 
served the  symptoms  of  curly-top  on  other  plants  than  beets,  but  in 
northwest  Idaho  he  noted  numerous  leafhoppers  on  cabbages  growing 
between  two  badly  infested  beet  fields.  The  outer  leaves  of  a  few 
of  these  cabbages  exhibited  unmistakable  vein  symptoms  and  mar- 
ginal leaf-curl  (PI.  IX,  fig.  2). 

HOST  PLANTS  OF  EUTETTIX  TENELLA. 

While  there  is  still  some  doubt  as  to  the  original  host  plants  of 
Eutettix  tenella  Baker,  it  is  rather  probable  that  the  princii)al  ones 
are  greasewood  {Sarcobatus  sp.),  sea-blite  {Dondea  np,)^  Atriplex  sp., 
and  Russian  thistle  (4,  5,  G).  The  writer  has  found  the  insect  on 
Sarcobatus  sp.  and  A  triplex  sp.  This  insect  seems  to  be  native  to 
the  southwestern  part  of  the  United  States  (4,  6). 

DESCBIPTION  OF  THE  BEET  LEAFHOPPEB. 

The  beet  leafhopper  (Eutettix  tenella)  (PL  I,  fig.  1)  is  very  gen- 
erally, though  erroneously,  known  in  the  Western  States  as  the 
"white  fly."  The  white  fly,  properly  so  called  (Aleyrodes  citri  R 
and  H.),  is  a  quite  different  insect  and  a  common  pest  of  citrus  trees. 
The  name  "  white  fly "  is  doubtless  somewhat  descriptive  of  the 
general  appearance  of  the  insect,  wiiich  is  of  a  light  yellowish  green 
tint^  looking  white  at  a  little  distance.  In  size  it  is  almost  exactly 
one-eighth  of  an  inch  long  and  about  one-thirtieth  of  an  inch  wide. 
The  nymphs  vary  in  size  from  but  little  larger  than  the  egg  to  almost 
adult  size,  according  to  age;  their  range  of  color  is  almost  as  great 
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as  that  of  their  size.  More  commonly  they  are  of  a  creamy  white, 
with  irregular  areas  of  brown  about  the  abdomen.  These  brown 
areas  vary  greatly  in  the  amount  of  pigmentation,  so  that  in  general 
appearance  the  color  ranges  through  pale  cream,  buff,  light  reddish 
brown,  and  deeper  and  deeper  browns  until  some  seem  almost  black ; 
a  few  have  distinctly  red  markings.** 

Several  other  species  of  leafhopper  commonly  found  on  beets 
closely  resemble  Eutettix  tenella  in  size  and  color,  and  few  but 
trained  entomologists  can  readily  distinguish  between  them. 

The  beet  leafhopper  is  single  brooded  and  begins  to  deposit  its  tiny 
white  eggs  in  the  stems  and  midribs  of  beet  leaves  from  about  the 
end  of  June — the  time  doubtless  varying  somewhat  with  the  locality 
and  local  climatic  conditions — until  the  end  of  August.  Probably 
the  majority  of  the  eggs  are  deposited  by  the  middle  of  July.  The 
nymphs  begin  to  appear  about  the  second  week  in  July,  and  the 
writer  has  observed  their  appearance  in  considerable  numbers  in 
Idaho  as  late  as  the  end  of  August.  Slit-like  scars  are  produced  on 
the  beet  stems  where  the  eggs  have  been  deposited ;  sometimes  these 
ovipository  scars  are  very  numerous  and  conspicuous.  The  egg  stage 
•  appears  to  last  about 'fifteen  days,  and  the  young  insects  reach  the 
adult  stage  in  about  twenty  days  more.  These  adults  hibernate  and 
resume  their  activity  the  following  spring.  In  Utah  and  Idaho  they 
have  been  seen  on  weeds  in  May  and  on  beets  near  the  end  of  May 
or  early  in  June.  The  greater  portion  of  the  nymph  stage  appears 
to  be  spent  among  the  inner  leaves  and  petioles  of  the  plant,  where 
the  egg  is  hatched,  and  as  the  insect  approaches  tho  adult  stage  it 
gradually  works  outward. 

The  beet  leafhopper  is  an  exceedingly  active  insect;  its  favorite 
mode  of  locomotion  is  by  hops  of  lightning-like  rapidity.  The  range 
of  its  leap  seems  to  be  about  18  inches.  The  adult  while  on  beets  uses 
its  wings  but  little.  In  common  with  several  closely  related  species 
it  is  a  true  sucking  insect;  it  is  provided  with  powerful  head  parts 
and  a  stout  bill.  The  latter  when  not  in  use  is  tucked  snugly  against 
the  under  side  of  the  body. 

The  writer  is  indebted  to  Dr.  E.  D.  Ball  for  much  of  the  data  in 
regard  to  the  life  history,  habitat,  host  plants,  etc.,  of  the  leafhopper, 
and  would  refer  the  reader  to  the  works  of  this  writer  for  many 
interesting  details  and  technical  descriptions  (4,  6,  and  6). 

«A  dlscnsslon  of  this  species  Is  given  In  Bulletin  76,  Bureau  of  Entomology, 
and  a  brief  practical  discussion  entitled  "  Preparations  for  Winter  Fumigation 
for  the  Citrus  White  Fly"  in  Circular  111  of  the  sjime  Bureau.  The  latter 
may  l»e  obtained  free  on  application  to  the  Secretary  of  Agriculture. 
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BEET  GBOWEBS  SHOXTLD  BE  ABLE  TO  BECOGNIZE  THE  UBAP- 


It  seems  highly  desirable  that  beet  growers  and  field  superintendents 
should  be  able  to  recognize  the  beet  leafhopper,  so  that  its  earliest 
appearance  may  be  noted.  If  successful  preventive  measures  shall  be 
devised,  it  is  very  essential  to  be  promptly  informed  of  the  first  appear- 
ance of  leafhoppers  in  considerable  numbers,  so  that  such  devices  may 
at  once  be  put  in  operation.  It  has  not  been  shown  that  any  other 
species  of  leafhopper  is  able  to  induce  the  curly-top  symptoms,  though 
both  Doctor  Ball  and  the  writer  have  independently  experimented 
with  other  species  commonly  .found  on  beets. 

SEBIOXTS  NATTTBE  OF  CUBLT-TOP. 

The  serious  nature  of  curly-top  may  be  understood  when  it  is  known 
that  in  some  localities  practically  the  entire  sugar-beet  crop  has  been 
destroyed.  The  writer  has  seen  fields  of  beets  completely  denuded  by 
it.  Furthermore,  beets  that  do  produce  a  root  of  fair  size  because 
attacked  comparatively  late  in  the  season  possess  a  high  percentage  oi 
impurities  and  are  on  that  account  not  so  desirable  to  the  sugar 
companies. 

It  may  be  said  that  beets  once  affected  with  curly-top  never  re- 
cover. Even  when  the  affected  foliage  is  cut  back  repeatedly  at  in- 
tervals of  several  weeks,  the  new  growth  exhibits  unabated  symp- 
toms (29). 

A    CONSIDEBATION    OF    CUBLY-TOP    IN   SEED   BEETS. 

It  has  been  observed  by  those  who  have  raised  beet  seed  in  the  re- 
gions subject  to  the  scourge  of  curly-top  that  a  variable  percentage 
of  seed  beets  will  manifest  symptoms  of  the  disease  with  the  first 
shoots  to  appear  in  the  early  spring.  This  has  been  noted  by  several 
members  of  the  Office  of  Sugar-Plant  Investigations  and  by  Doctor 
Ball  (G). 

The  following  specific  cases  are  good  illustrations:  In  addition 
to  the  cases  of  curly-top  observed  in  June,  1907,  among  sugar  beets 
(see  p.  13),  the  writer  noted  a  fair  percentage  of  seed  beets  thus  af- 
fected, but  at  that  time  little  special  attention  was  given  the  latter. 
It  was  merely  assumed  that  they  might  have  contracted  the  disease  at 
the  same  time  and  in  the  same  manner  as  the  sugar  beets,  however 
that  might  have  been.  Xo  sugar  beets  exhibiting  visible  signs  of  the 
trouble  were  selected  for  siloing  in  the  fall  of  1907.  Among  those 
selected  for  use  as  seed  beets  were  some  of  the  pedigree  and  garden 
beets  referred  to  as  showing  a  large  percentage  of  curly-top,  together 
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Mfith  a  considerable  number  of  apparently  healthy  beets  of  standard 
varieties. 

The  silos  were  opened  April  10,  1908,  and  the  beets  were  planted 
April  10,  11,  and  13  in  the  experimental  field  at  Garland,  Utah. 
Within  ten  days  they  began  to  sprout.  In  the  meantime  the  weather 
was  very  severe,  with  great  extremes  of  temperature.  On  May  24 
most  of  these  beets  had  sprouted,  and  many  of  the  pedigree  beets 
showed  suspicious  signs  of  curly-top.  The  closest  scrutiny  failed  to 
reveal  the  presence  of  leafhoppers  at  this  time.  On  May  14  a  can- 
vass of  the  entire  plat  of  seed  beets  showed  the  trouble  to  be  more 
widespread  than  at  first  supposed,  though  even  at  this  date  no  leaf- 
hoppers  had  been  seen.  By  May  20  one  portion  of  the  pedigree  beets 
showed  signs  of  the  disease  to  the  extent  of  48.67  per  cent,  and  another 
f)ortion  29.36  per  cent,  as  against  3.87  per  cent  among  the  standard 
varieties.  At  this  time  a  few  beet  leafhoppers  had  appeared  on  the 
small  plat  that  later  became  so  badly  affected.  On  June  8  the  per- 
centage of  plants  visibly  affected  was  52.21,  58.54,  and  17.19,  re- 
spectively. The  writer  could  not  assign  the  cause  of  the  outbreak 
among  the  seed  beets  to  the  few  leafhoppers  then  in  evidence.  In- 
deed, the  first  cases  of  curly-top  did  not  appear  among  seedling  sugar 
beets  in  the  plat  mentioned  until  about  three  weeks  later,  when  the 
insects  had  become  much  more  numerous. 

The  experiments  hitherto  described  in  connection  with  the  work  of 
the  beet  leafhopper  on  sugar  beets,  whereby  this  insect  was  shown 
to  be  the  primary  causative  agent  of  curly-top,  together  with  the  ob- 
servations just  set  forth,  led  to  the  conclusion  that  the  disease  may  be 
initiated  in  the  seed  beets  by  the  hopper  during  the  season  preceding 
iheir  use  for  seed  production.  In  order  to  determine  this  point  con- 
clusively it  was  arranged  to  take  advantage  of  the  outbreak  of  curly- 
top  in  the  small  plat  during  1903.  To  this  end  there  were  selected 
from  this  plat  about  one  hundred  beets  of  good  size  and  shape  that 
at  the  end  of  the  season  exhibited  no  visible  signs  of  the  disease ;  also, 
one  hundred  similar  beets  showing  well-developed  symptoms  of  the 
trouble  were  selected  from  the  same  plat.  All  were  carefully  siloed 
for  planting  in  the  spring  of  1909.  Many  beets  were  also  siloed 
from  the  major  portion  of  the  field,  where  but  few  cases  of  the  trouble 
had  appeared,  though  these  latter  plants  had  been  infested  by  leaf- 
hoppers during  the  later  part  of  the  season. 

Very  early  in  April,  1909,  these  beets  were  planted  out  in  the  usual 
manner.  From  the  moment  of  planting,  close  watch  was  kept  for 
leafhoppers  of  any  species.  Almost  with  the  first  appearance  of  the 
shoots  of  the  seed  beets  from  the  affected  plat  of  last  season,  whether 
or  not  the  beets  had  then  exhibited'  symptoms  of  curly-top,  the  char- 
acteristic curl  and  vein  symptoms  appeared.    On  May  24  all  those 
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beefs  showing  curly-top  when  harvested  at  the  end  of  the  preceding 
fieason  had  again  developed  the  symptoms.  Of  those  showing  no 
symptoms  when  harvested,  83  per  cent  were  affected  on  tlie  same 
date.  Later  in  the  season  but  2  per  cent  of  this  latter  batch  was  free 
from  risible  symptoms  of  the  disease,  and  even  the  2  per  cent  was 


Flu.  7. — Mature  Lealdiy  need  bcpt,      (For  pooipBrlson  with  wed  bepta  anocted  with 

checked  in  growth.  Of  the  large  number  of  beets  siloed  from  the 
major  portion  of  the  field,  where  practically  no  cases  of  the  disease 
had  appeared  during  the  preceding  season  and  which  were  planted 
out  at  the  same  time  in  the  spring  for  seed  production,  about  10  pa- 
cent  had  developed  ciirly-top  on  May  24.  It  will  be  remembered  that 
no  leafhoppers  appeared  until  May  20,  and  then  but  few. 
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The  same  spring  some  of  the  standurd  varieties  of  seed  beets  (see 
6g.  7)  were  planted  at  Central  Farm,  about  G  milen  from  our  experi- 
mental field  at  Garland ;  other  lots  were  planted  at  North  Farm,  about 
IJ  miles  away;  at  Corinne,  about  16  miles  away,  and  at  Lehi,  about 
100  miles  distant.    At  these  places  it  was  difficult  to  find  a  single  beet 
leafhopper  during  the  entire  season.     Nevertheless,  a  like  percentage 
of  curly  -  top  appeared 
among  the  beets  plant- 
ed at  each  place.     Fur- 
thermore,    there     had 
been    planted   at   Cor- 
inne some  of  the  appar- 
ently healthy  beets  from 
the  badly  affected  plat 
at   Garland.     All  these 
manifwtcd  the  charac- 
teristic    signs    of    the 
disease  very  early.    Nu- 
merous seed  beets  were 
sent     from     Fairfield, 
Wash.,  and  planted  at 
■Central    Farm   in   the 
plat  with  those  just  re- 
ferred   to.       Among 
these  no  curly-top  ap- 
peared.   No   beet  leaf- 
hoppers  coulfl    be   dis- 
covered at  F''airfield  the 
preceding  season. 

During  the  same 
spring  some  beets  were 
sent  from  Garland  to 
Compton,  Cal.,  to  be 
planted   there   as   seed 

}w^t'i.        Most     of    these       ^'<'-  S— Siicar-tHMft  aood  stfms  Bhowlng  curly-top  aymp- 
OeetS.       mosi    or    inesc  ^^^^     ^^_^^^  ^^^^^^  ^^^  ^^^^^  denuded  ot  nil  but  ulnglB- 

developed        curly  -  top,  germ   bwOs  and  a   tew  brncis ;   lUe  new  growth  alone 

although      no      leafhop-  "hiblted  eurlylop  Bj-mplom«. 

pers  could  be  found  at  Compton.    None  of  the  factory  boots  or  seed 
beets  grown  there  became  affected. 

These  results  go  to  show  that  the  changes  set  up  by  beet  leafhop- 
pers  are  profound  and  persistent  and  that  while  ti  beot  may  have 
been  resistant  during  its  first  senson  to  the  extent  of  growing  to  alwut 
normal  size  without  exhibiting  signs  of  the  disease,  some  reaction 
has  been  initiated  that  will  show  itself  in  the  manner  characteristic 
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of  curly-top  the  following  spring  if  the  beet  is  planted  for  seed  pur- 
poses. 

Of  seed  beets  the  writer  could  never  observe  that  plants  as  a  whole 
ever  succumb  to  the  attacks  of  the  leafhoppers  during  the  season  they 
are  planted  as  seed  beets.  They  are  too  vigorous  and  resistant,  and 
nearly  all  the  leaves  are  full  grown  before  beet  leafhoppers  appear 
in  number.  However,  individual  shoots  and  racemes  put  forth  late 
in  the  season  may  manifest  the  symptoms  if  attacked  by  leafhoppers 
(fig.  8).  Then,  too,  the  entire  aftergrowth,  which  generally  develops 
late  in  the  summer,  after  the  seed  has  been  harvested,  may  exhibit 
pronounced  signs  of  the  disease.  This  actually  occurred  on  the  plat 
at  Garland  after  the  seed  harvest  of  1908,  when  the  aftergrowth  of 
nearly  every  seed  beet  became  thus  affected.  This  aftergrowth  con- 
sisted of  actively  growing  and  immature  leaves  in  which  cell  division 
was  taking  place. 

The  symptoms  are  generally  more  diverse  in  seed  beets.  Appar- 
ently the  element  of  greater  resistance  on  account  of  greater  size  and 
vigor  is  a  factor  tending  to  the  production  of  symptoms  not  com- 
monly noted  in  young  sugar  beets.  However,  these  additional,  and 
among  sugar  beets  less  usual,  symptoms  may  be  seen  in  sugar  beets 
when  quite  large  plants  are  attacked  by  so  many  leafhoppers  that 
even  they  finally  succumb.  These  symptoms  are  those  mentioned  ss 
the  retracted  type. 

The  writer  has  been  able  to  produce  the  retracted  curl  under  test 
conditions  by  imprisoning  a  gradually  increasing  number  of  leaf- 
hoppers with  beets  that  would  ordinarily  fail  to  develop  the  symp- 
toms on  account  of  their  size  when  attacked  by  the  insects  (see  figs.  2 
and  3). 

SEVEBAL  TYPES  OF  LEAF-CTTBL  ON  SEED  AND  SUGAB  BEETS. 

As  a  result  of  observations  on  the  development  of  the  disease  in 
seed  beets  the  writer  has  been  able  to  note  several  types  of  symptoms 
on  them,  as  follows: 

(1)  The  type  most  commonly  noted  on  sugar  beets  and  hitherto 
regarded  as  the  characteristic  appearance  of  beets  affected  with  curly- 
top,  viz,  with  leaves  strongly  curled  inward  from  the  entire  margin 
toward  the  midrib;  strongly  knotted  veins;  thickened  parenchyma, 
which  in  advanced  stages  is  quite  brittle,  though  tough  and  leathery 
in  appearance;  very  dark  and  dull  green  foliage  with  outer  whorls 
sear  and  dead ;  pronounced  inhibition  of  growth ;  early  appearance  of 
feeble  seed  stem,  which  sometimes  does  and  sometimes  does  not  mature 
seed.  (See  PI.  I,  fig.  1;  PI.  II,  fig.  1;  PI.  IV,  fig.  1;  PI.  VI,  fig.  1; 
and  PI.  IX,  fig.  1.) 
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(2)  The  type  with  short,  ovate,  retracted  leaves  and  short,  bowed 
petioles ;  tissue  between  larger  veins  puffed  out  as  though  the  paren- 
chyma had  outgrown  the  fibro- vascular  tissue ;  veins  generally  rather 
less  knotted  than  in  the  preceding  type ;  generally  the  early  appear- 
ance of  abortive  seed  stems ;  almost  entire  inhibition  of  growth  after 
first  month.  This  type  is  perhaps  the  most  abundant  one  among 
seed  beets  and  is  found  also  on  sugar  beets  that  succumb  late  in  the 
season  after  attaining  a  considerable  size.  (See  PI.  Ill,  fig.  1,  and 
PL  V,  fig.  1.) 

(3)  The  type  with  long,  narrow,  sinuous,  thick,  leathery-looking 
leaves;  without  marginal  curl  or  vein  symptoms;  no  seed  stems; 
almost  entire  inhibition  of  growth  after  first  month  or  six  weeks ; 
dull,  dark -green  foliage,  inclined  to  russet.  (See  PI.  IV,  fig.  2.) 
Noted  only  on  seed  beets. 

(4)  The  type  with  small  rosettes  of  leaves  similar  to  those  of  the 
second  type  mentioned,  but  much  smaller;  very  early  cessation  of 
growth;  no  seed  stems;  very  feeble  vitality,  yet  root  apparently  quite 
solid  and  crisp.    (See  PI.  V,  fig.  2,  B,) 

(5)  The  type  with  root  apparently  as  sound  and  crisp  when  planted 
as  the  most  healthy  beet,  yet  making  no  gi'owth  at  all. 

(6)  The  type  with  part  of  shoots  affected  with  marginal  curl,  in- 
ward; growth  not  otherwise  seriously  affected;  part  of  shoots  appar- 
ently normal. 

(7)  The  type  with  no  visible  symptoms  of  the  disease,  but  gen- 
eral growth  checked.     (See  PI.  VI,  fig.  1.) 

(8)  Combinations  of  any  of  the  foregoing.     (See  PI.  V,  fig.  2,  A.) 

AFPECTEB   SEED  BEETS  ALMOST  NONPRODUCTIVE. 

The  serious  nature  of  curly-top  is  heightened  by  the  fact  that  few 
seed  beets  affected  by  it  produce  seed.  Of  those  possessing  sufficient 
vitality  to  produce  seed  stems,  many  dry  up  and  die  before  maturity ; 
the  very  few  that  produce  seed  are  so  puny  and  stunted  as  to  produce 
but  a  small  fraction  of  a  normal  yield.  Thus,  it  will  be  seen  that, 
while  this  species  of  leafhopper  is  a  serious  menace  to  the  sugar-beet 
crop,  it  is  doubly  so  when  beets  are  raised  for  seed.  The  beets  may 
be  quite  satisfactory  for  the  manufacture  of  sugar  and  appear  normal 
and  healthy  when  harvested,  yet  have  stored  within  them  an  active 
agent  that  may  cut  down  the  seed  crop  from  a  few  per  cent  to  entire 
loss. 

PERCENTAGE  OF  liOSS  OF  SEED  BEETS. 

When  put  in  plain  figures  this  loss  is  very  striking.  To  revert  to 
the  experiment  just  mentioned,  those  plants  showing  no  curly- top 
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when  siloed  produced  an  average  of  only  13.82  grams  of  seed;  those 
e.^hibiting  signs  of  the  disease  when  harvested  produced  but  13."25 
grams  per  plant.  The  average  for  the  healthy  beets  was  about  375 
grams,  or  about  twenty-eight  times  as  much  as  the  yield  of  affected 
plants.     (See  fig.  9.) 

During  1905  an  important  sugar-beet  district  was  afflictetl  by  an 
invasion  of  Eutettix  tenella  which  resulted  in  great  loss.  The  sugar 
company,  however,  selected  and  siloed  enough  apparently  healthy 
beets  to  plant  4J  acres  in  the  spring  of  1906  for  seed  production.  Of 
these,  li   acres  were  entirely  unproductive;  only  1,200  pounds  of 
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seed  were  obtained  from  the  other  3  acres,  or  400  pounds  to  tlie  acre, 
Of  36.3  grams  per  plant.  In  1906,  when  the  sugar-beef  crop  was  good 
in  the  same  district  and  few  leafhoppers  appeared,  enough  beet-; 
were  selected  to  plant  8.29  acres.  These  seed  beet-s  yielded  16,800 
pounds  of  seed,  <ir  2.038.6  pounds  to  the  acre,  or  about  177.G  grams 
per  plant.  The  difference  here  shown  is  not  so  great  as  in  the  exi>eri- 
ment  conducted  by  the  writer  because  not  all  of  the  beets  siloed  by  the 
sugar  company  could  have  been  as  severely  attacked  during  the  pre- 
ceding season ;  then,  too,  the  plants  used  by  the  writer  were  set  much 
farther  apart  than  those  of  the  sugar  company,  thus  encouraging  a 
larger  yield  among  the  healthy  beets. 
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SEVERE   OUTBREAKS   NOT  FREQUENT   IN   A   LOCALITY. 

A  notable  feature  of  curly-top  is  that,  so  far  as  has  been  recorded, 
there  never  has  been  a  serious  outbreak  two  seasons  in  succession  in 
any  locality.  Therefore,  the  farmer  may  be  encouraged  to  continue 
the  culture  of  sugar  beets  in  spite  of  the  heavy  loss  consequent  on  a^ 
single  attack.  This  opportunity  is  taken,  however,  to  utter  a  note 
of  learning  to  seed  producers  to  the  effect  that  it  will  be  unprofitable 
to  silo  sugar  beets  harvested  from  an  area  badly  affected  with 
curly-top,  even  though  no  beets  exhibiting  the  characteristic  symp- 
toms are  selected  for  siloing.  Furthermore,  should  the  beet  leaf- 
ppers  be  numerous  without  producing  more  than  a  sprinkling  of 
ts  showing  visible  signs  of  the  disease,  a  more  or  less  consider- 
{>ercentage  of  loss  may  be  expected  through  the  development  of 
disease  in  seed  beets  the  following  season.  The  probable  amount 
loss  will  obviously  depend  on  the  number  of  leafhoppers  present 
ing  the  preceding  season,  together  with  the  general  vigor  of  the 
ts  at  that  time  and  the  length  of  time  the  leafhoppers  had  been 
work  on  the  beets. 

PROGENY  OF  THE  DISEASED  SEED  BEETS   HEALTHY. 

Another  strange  feature  of  curly- top  is  that  the  seed  from  an 
fected  seed  beet  will  produce  healthy  sugar  beets,  which  in  turn 
ford  vigorous  and  healthy  seed  beets  unless  in  the  mean  time  they 
attacked  by  more  leafhoppers.  Thus  it  appears  that  seed  from 
Pected  beets  need  not  be  discarded  on  account  of  the  disease. 

GENERAL  GHABACTEB  OF  CUBLT-TOP. 

It  would  appear  from  these  observations  and  experiments  that  the 
curly-top  of  beets  should  be  included  in  the  group  of  plant  disturb- 
ances known  as  "  stigmonoses,"  as  described  by  Dr.  A.  F.  Woods  in 
connection  with  the  effects  of  aphides,  thrips,  and  other  sucking  in- 
sects on  the  carnation  (82,  33,  34,  35,  37),  by  Dr.  X.  A.  Cobb  as  oc- 
curring on  apples,  pears,  etc.  (10),  and  by  Moulton  as  occurring  on 
the  pear  (21).     Curly-top  resembles  these  stigmonoses  in  that  the 
disturbances  are  primarily  set  up  by  the  punctures  of  sucking  in- 
sects— the  beet  leafhoppers.     In  certain  varieties  of  beets  and  in  docks 
punctured  by  the  beet  leafhopper,  discoloration  and  spotting  of  the 
leaves  follow  the  punctures  of  these  insects,  and  in  young  sugar  beets 
a  faint  mottling  of  the  attacked  leaves  may  be  noted  by  transmitted 
light  (see  p.  10) ;  leaf  distortions,  though  differing  in  character  and 
I  extent,  are  common  to  both.    In  the  case  of  stignionose,  "Woods  has 
shown  that  when  the  abnormal  changes  due  to  aphis  punctures  '^  have 
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once  been  started  in  a  plant  the  ill  effects  continue  long  after  the 
initial  cause  has  disappeared.  If  the  insects  are  killed  or  kept  off  such 
a  plant  the  new  growth  will  be  free  from  spots  and  therefore  appar- 
ently healthy.  It  is,  however,  poor  in  reserve  albumin  and  has  an  ex- 
cessive amount  of  oxidizing  enzyms  ♦  ♦  *  and  is  therefore  in  fact 
diseased.  This  malnutrition  becomes  gradually  cumulative  from  gen- 
eration to  generation  of  cuttings,  and  so  far  as  our  investigations  have 
gone,  can  not  be  cured."  In  this  respect  the  behavior  of  curly-top 
beets  is  almost  identical,  the  most  noteworthy  difference  being  the 
persistence  of  the  visible  symptoms  in*all  new  growth  of  curly -top 
beets,  even  after  repeated  cuttings  back  of  the  foliage  at  intervals  of 
several  weeks. 

In  the  cases  described  by  Woods  and  others  the  visible  effects  of 
the  insect  punctures  are  confined  to  the  leaf,  or  even  the  portion  of 
the  leaf,  attacked,  whereas,  as  just  stated,  the  disturbance  induced  in 
the  curly-top  beet  affects  the  whole  plant  in  such  a  manner  that  all  of 
the  growing  foliage  shows  visible  symptoms  of  the  disturbance. 

While  curly-top  is  initiated  in  the  same  manner  as  stigmonose  and 
so  far  as  can  be  discovered  (29)  can  not  be  attributed  to  bacteria  or 
fungi,  the  physiological  disturbances  seem  to  bear  a  close  resem- 
blance also  to  those  described  by  Woods  and  others  (7,  15,  18,  19,  20, 
23,  24,  25,  34)  as  mosaic.  In  the  case  of  curly-top  it  is  true  that  the 
rather  conspicuous  leaf  mottling  noted  in  the  mosaic  disease  is  ab- 
sent, except  for  the  faint  mottling  already  referred  to  as  occurring  in 
leaves  of  young  beets  affected  by  curly-top  and  visible  onlj^  by  trans- 
mitted light.  On  the  other  hand,  the  general  nutritional  disturbances 
and  the  unbalancing  of  normal  enzym  activities  described  by  Woods 

(33)  seem  to  be  duplicated  in  curly-top  beets;  in  the  latter,  too,  there 
is  a  similar  persistence  of  visible  symptoms.  Still  another  feature  is 
common  to  both  the  mosaic  disease  and  curly-top,  viz,  under  both  con- 
ditions an  affected  plant  will  sometimes  yield  seed,  and  in  each  case 
that  seed  is  capable  of  producing  normal,  healthy  plants. 

The  writer  has  not  yet  secured  conclusive  evidence  that  these  symp- 
toms can  be  induced  in  beets  by  the  methods  practiced  by  Woods 

(34)  in  the  case  of  the  mosaic  disease.  Indeed,  it  would  appear  to 
him  difficult  to  do  so,  for  the  reason  that  the  beet  root  contains  so 
large  a  reserve  of  nutrients.  Townsend's  experiments  (29)  and 
some  conducted  by  the  writer  seem  to  negative  the  idea,  but  further 
investigations  along  this  line  are  necessary.  However,  the  writer  is 
of  the  opinion  that  there  is  a  striking  resemblance  in  the  general  be- 
havior of  curly-top  beets  to  that  of  those  suffering  from  the  mosaic 
disease. 

This  would  indicate  that  curly-top  is  the  most  conspicuous  and 
destructive  form  of  stigmonose  and,  at  the  same  time,  one  of  the 
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most  interesting  to  the  pathologist  and  physiologist  on  account  of 
the  profound  disturbances  set  up,  as  well  as  from  its  apparent  relation- 
ship to  the  mosaic  disease.  Apart  from  curly-top  the  writer  has 
noted  stigmonoses  of  the  sugar  beet  which  are  identical  with  those 
described  by  Woods,  Cobb,  and  Moulton,  as  well  as  with  others  caused 
by  different  species  of  leaf  hoppers. 


The  curly-top  of  beets  is  related  causatively  to  stigmonose ;  patho- 
logically and  physiologically  to  both  stigmonose  and  the  mosaic  dis- 
ease. It  manifests  itself  through  numerous  external  and  internal 
symptoms  of  diverse  character. 

The  aggregate  of  these  symptoms  presents  an  appearance  charac- 
teristic of  this  disease,  though  taken  individually  all  except  the  vein 
symptoms  have  been  noted  under  other  conditions. 

Two  distinct  types  of  curl  are  manifested  in  this  disease — the  in- 
ward and  the  outward,  or  retracted. 

The  symptoms  are  essentially  alike  in  factory  and  seed  beets. 
Among  seed  beets  there  is  a  larger  proportion  of  the  retracted  type. 

The  beet  leafhopper  {Eutettix  tenella  Baker)  is  the  primary  cause 
of  ttie  trouble;  no  outbreaks  are  known  to  have  occurred  outside  of 
the  native  habitat  of  this  insect,  viz,  the  Southwestern  States,  gener- 
ally in  the  vicinity  of  what  is  known  as  "  sagebrush  country."  The 
plants  named  as  the  probable  host  plants  of  the  beet  leafhopper  are 
found  where  outbreaks  of  curly-top  have  occurred.  The  insect 
probably  migrates  from  those  plants  to  beets. 

One  leafhopper  is  capable  of  initiating  the  disturbances  in  a  young 
beet,  and  the  effect  of  numerous  hoppers  on  seedlings  may  be  so 
severe  as  to  kill  them  in  a  few  days,  before  the  visible  symptoms 
have  had  time  to  develop.  The  younger  the  beet  the  more  sensitive 
is  it  to  leafhopper  work. 

The  nymphs  of  Eutettix  tenella  produce  the  symptoms  of  curly-top 
much  more  rapidly  than  do  the  adult  insects. 

No  other  insect  and  no  other  species  of  leafhopper  is  known  to 
induce  the  disease  herein  described. 

Though  vigorous  beets  of  four  months  growth  or  older  will  offer 
considerable  resistance,  any  beet  will  succumb  if  attacked  by  numer- 
ous beet  leafhoppers.    Neither  is  any  variety  of  beet  immune. 

The  symptoms  appear  only  on  immature  leaves  where  cell  division 
is  still  active — ^never  on  full-grown  leaves.  They  appear  first  on 
the  inner  leaves  just  as  the  latter  unfold. 

It  is  considered  advisable  to  plant  as  early  as  practicable  after 
danger  of  late  frosts  is  over,  even  to  take  some  risks  of  late  frost, 
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in  order  to  get  the  beets  well  established  and  vigorous  before  leaf- 
hoppers  are  likely  to  be  numerous. 

The  disease  can  not  be  due  to  loss  of  plant  juices  extracted  by  leaf- 
hoppers,  but  rather  to  the  introduction  by  those  insects  of  an  active 
agent. 

Few  or  no  beets  that  develop  curly-top  symptoms  ever  recover. 

Beets  may  fail  to  show  symptoms  of  curly-top  to  the  end  of  the 
season  if  attacked  by  leaf  hoppers  after  they  have  attained  consider- 
able size  and  vigor.  Yet  the  trouble  is  initiated  and  transmitted  t^ 
the  root,  only  to  develop  with  full  virulence  in  the  first  shoots  the 
following  spring  if  they  be  planted  out  for  seed  production. 

The  active  agent  is  therefore  persistent  and  sets  up  disturbances 
throughout  the  whole  plant. 

It  is  risky  to  select  for  seed  purposes  any  beets  frcMn  fields  badly 
infested  with  beet  leafhoppers,  even  though  no  large  number  of 
cases  of  curly-top  appear. 

It  is  useless  to  make  selections  for  seed  from  fields  badly  affected 
with  curly-top. 

The  inward  type  of  curl  is  generally  produced  on  young  beets.  The 
retracted  type  appears  on  seed  beets  and  on  sugar  beets  that  had 
attained  considerable  size  and  vigor  before  the  symptoms  developed. 

Until  recently  curly-top  symptoms  had  been  noted  on  no  other 
plants  than  beets,  but  the  writer  noted  the  symptoms  on  cabbage  in 
1909. 

The  punctures  of  the  beet  leafhopper  produce  wine-colored  stains 
on  the  leaves  of  dock  {Rumex  crispus  L.)  and  on  stock  beets,  but  no 
such  discoloration  has  been  observed  on  sugar  beets. 

Anything  tending  to  retard  or  weaken  beets  renders  them  less  re- 
sistant to  leafhopper  attacks. 

The  leafhoppers  can  induce  the  symptoms  of  curly-top  under  ex* 
tremely  varied  conditions  of  moisture,  temperature,  and  atmospheric 
pressure. 

Weather,  soil,  etc.,  may  influence  the  severity  of  the  disease  in- 
directly by  modifying  the  vigor  of  the  beets;  possibly,  also,  the  leaf- 
lioppers  are  influenced  favorably  or  otherwise  by  varying  weather 
conditions. 

If  seed  beets  are  really  healthy  when  planted — ^that  is,  if  they  have 
not  been  subjected  to  the  attacks  of  leafhoppers  during  their  first 
season's  growth — there  is  little  chance  that  they  will  succumb  to 
leafhopper  attack  during  their  season  as  seed  beets.  An  attack  in- 
volving the  whole  seed  beet  is  perhaps  without  exception  the  result 
of  attacks  during  the  preceding  season,  though  no  symptoms  may  then 
have  appeared.    Portions  of  the  later  shoots  and  the  aftergrowth  of 
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letTes  following  the  seed  harvest  have  frequently  been  known  to 
develop  the  symptoms. 

Few  affected  seed  beets  are  capable  of  producing  seed,  and  then 
(mly  in  very  small  quantity.  The  seed  yielded  by  affected  seed  beets 
will,  however,  produce  healthy  sugar  beets,  which,  in  turn,  unless 
in  the  mean  time  attacked  by  more  leafhoppers,  are  capable  of  be- 
coming good  seed  beets. 

It  has  not  been  found  possible  to  communicate  the  disease  from  an 
affected  plant  to  a  healthy  one. 

CONCLUSION. 

In  cooperation  with  the  Bureau  of  Entomology,  the  writer  has 
already  carried  on  some  spray  experiments  in  the  hope  of  devising  a 
method  of  holding  the  destructive  beet  leafhoppers  in  check.  It  was 
found  that,  if  it  can  be  thoroughly  applied  to  the  insects,  a  strong 
kerosene  and  whaleoil-soap  emulsion  will  kill  them.  However,  the 
time  is  so  short  when  the  spray  might  efficaciously  be  applied  that  it 
is  not  yet  certain  that  spraying  will  be  practicable.  Then,  too,  it 
is  not  easy  to  apply  a  spray  to  the  beet  leafhopper,  because  its  wings 
thoroughly  protect  its  body  and  thus  prevent  the  emulsion  becoming 
effective. 

'  Possibly  some  form  of  "  hopper-dozer  "  used  at  the  right  time  will 
prove  more  serviceable.  More  experimental  work  is  needed  along 
these  lines. 

At  the  suggestion  of  the  Bureau  of  Entomology,  the  following 
recommendations,  found  in  Bulletin  66,  Part  IV,  of  that  Bureau, 
pages  47-48,  are  quoted : 

More  should  be  known  about  the  places  of  hibernation  and  early  spring  his- 
tory of  this  Insect.  It  could  not  be  found  in  the  rubbish  around  the  fields  In 
early  spring,  and  only  a  few  specimens  were  found  in  waste  places  up  to  the 
time  they  appeared  on  the  beets.  When  once  the  place  where  the  greater  number 
of  them  pass  the  winter  is  discovered,  it  may  be  possible  to  destroy  them 
there  or  on  their  spring  food  plants  before  they  migrate  to  the  beets.  After 
they  have  appeared  on  the  beets  it  will  be  necessary  to  be  very  prompt  In  the 
matter  of  remedies  if  the  Injury  is  to  be  prevented.  A  thorough  spraying  with 
kerosene  emulsion  at  a  strength  of  1  part  of  the  stock  solution  a  to  5  parts  of 
water  would  destroy  most  of  the  insects  that  it  hit,  and  by  using  a  drag  in 
front  of  the  nozzles  to  turn  the  leaves  over  and  cause  the  insects  to  Jump,  most 
of  them  could  be  reached.  Where  the  Insects  were  coming  in  in  numbers  this 
■pray  would  need  to  be  followed*  by  a  second  one  ten  days  later. 

Several  mechanical  devices  have  been  used  to  catch  different  leafhoppers, 
and  no  doubt  several  of  these  could  be  used  against  this  insect  with  advantage. 
The  tar  pan,  or  "  hopper-dozer,"  drawn  over  the  beets  two  or  three  times  in 

•For  directions  regarding  the  preparation  and  use  of  kerosene  emulsion  see 
Farmers'  Bulletin  127,  U.  S.  Dept.  of  Agriculture,  pp.  20-21,  and  Circular  80, 
Bareau  of  Entomology. 
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tbe  first  few  weeks  would  capture  a  large  number  of  them.  The  females,  before 
the  eggs  are  laid,  are  quite  heavy  and  do  not  jump  or  fly  as  readily  as  the 
males  and  would  be  easily  caught.  A  modified  form  of  this  machine,  conaiflt- 
Ing  of  a  couple  of  tarred  wings  to  be  drawn  along  on  each  side  of  a  row  ai 
beets,  while  a  drag  agitated  the  tops  and  caused  the  insects  to  fly»  would 
probably  capture  more  than  the  simpler  tar  pan. 

If  the  insects  appeared  while  the  beets  were  quite  small,  th^  could  be 
largely  destroyed  by  rolling  when  the  weather  was  cold  or  damp  and  the  in- 
sects sluggish. 

A  number  of  preventive  measures  may  l>e  used  to  assist  the  beets  In  with- 
standing the  attack  of  the  leafhoppera  In  some  sections  early  planting  will 
produce  beets  large  enough  to  shade  the  ground  by  the  time  the  t>eet  leaf- 
hoppers  appear,  and  thus  reduce  the  temperature  below  the  danger  line;.  In 
a  few  places,  like  the  Grand  Junction  district  in  Colorado  and  Sevier  Oounty 
in  Utah,  early  planting  alone  would  not  avail,  as  the  insects  appear  soon  after 
the  earliest  beets  come  through  the  ground.  For  such  sections  early  and 
frequent  irrigations  would  assist  in  keeping  the  ground  cool  until  the  beets 
grew  large  enough  to  shade  It  and  thus  take  care  of  themselvea 

All  preventive  measures  will  depend  for  success  upon  some  method  of  eon- 
trolling  the  temperature  in  the  field  so  that  the  ground  may  not  be  hot  and 
dry  at  the  time  the  ]eafhopi)ers  appear. 

RECOMMENDATIONS. 

Undoubtedly  some  of  the  remedies  advised  against  the  hop  flea- 
beetle,  an  entirely  different  insect  and  one  which  also  affects  sugar 
beets,  in  Bulletin  66,  Part  VI,  of  the  Bureau  of  Entomology,  pages 
88-91,  and  a  supplementary  article.  Bulletin  82,  Part  III,  on  the 
same  species,  will  be  found  useful.  Particular  attention  is  called  to 
the  latter  publication,  by  Mr.  W.  B.  Parker,  collaborator  of  the 
Bureau  of  Entomology,  as  the  experiments  have  been  very  carefully 
carried  out  with  the  hop  flea-beetle,  which  from  its  habit  of  flying 
quickly  and  hopping  resembles  leafhoppers,  in  that  the  beetles  can 
be  reached  in  somewhat  the  same  way. 
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Ball  here  holds  that  the  leafhopper  {Eutettix  tenella)  is  the  cause  of 
curly-top. 

6L The  leafhoppers  of  the  sugar  beet,  and  their  relation  to  the  curly- 
leaf  condition.  Bulletin  66,  pt  4,  Bureau  of  Entomology,  U.  S.  Dept.  of 
Agriculture.    Jan.*  27,  1909. 

Ball  here  describes  the  beet  leafhopper  and  closely  related  species  and 
concludes  that  Eutettix  tenella  is  the  cause  of  curly -top.  Not  experi- 
mentally demonstrated. 

7.  Beijebinck,  M.  W.    Verhandelingen  der  Kronlnklijke,  Akademie  van  Weten- 

schappen  te  Amsterdam.    1898. 

Beljerinck  proved  the  absence  of  bacteria  in  cases  of  the  mosaic  disease 
and  found  that  only  dividing  cells  (meristemic)  can  become  diseased.  He 
defines  a  milder  form  of  the  disease  as  a  suffering  of  the  chlorophyll 
bodies ;  later  on  a  general  disease  of  entire  plasmic  contents. 

8.  BftsGEN,  M.    Der  Honigtau.    Biologische  Studien  an  Pflanzen  und  Pflanzen- 

lausen.    Bes.  Abdr.,  a.  d.  Jena  Zeitschrift  ftir  Naturwissenschaft,  vol.  25, 
N.  F.,  vol.  18. 

Bfisgen  pointed  out  that  the  puncturing  apparatus  of  the  aphis  does 
not  lacerate  the  plant  cells,  but  passes  between  them. 
9<  BussE,    Walteb.    Bakteriologische    Studien    tiber    die    "  Gummosis "    der 
Zuckerruben.     Zeitschrift  fiir  Pflanzenkrankheiten,  vol.  7,  1897,  pp.  65- 
77,  14^155. 

A  disease  bearing  resemblance  to  curly-top  is  here  referred  to  as 
"  gummosis.'* 
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10.  Cobb,  N.  A.    Letters  on  the  diseases  of  plants,  2d  series.    Miscellaneoui 

publication  No.  666,  Dept.  of  Agriculture,  Sydney,  New  South  Walcs»  190i 
pp.  38-50. 
Cobb  here  describes  stigmonoses  of  apple,  pear,  and  other  fruits. 

11.  Cunningham,  Clara  A.    A  bacterial  disease  of  the  sugar  beet     Botanlca] 

Gazette,  vol.  28,  18d9. 

A  disease  of  beets  in  which  a  leaf -curl  is  conspicuous  is  described^  and 
the  writer  concludes  that  it  is  caused  by  bacteria  in  the  root  This  is 
not  clearly  established. 

12.  CzAPEK.     Berichte  der  Deutchen  Botanlschen  Gesellschaft,  voL  15,  1897,  pp^ 

516^20. 

Czapek  demonstrated  a  relation  of  oxidizing  enzyms  to  geotropic  curra- 
ture  in  root  of  several  genera  of  plants,  which  suggests  the  possibility 
that  there  may  be  such  a  relation  l)etween  oxidizing  and  reducing  sub- 
stances in  plants  sensitive  to  certain  parasites. 

13.  Golden,  Katherine  E.     A  disease  of  the  sugar  beet  root     Proceedings, 

Indiana  Academy  of  Science,  1891,  p.  92. 

This  paper  describes  the  isolation  of  bacteria  ftom  roots  of  beets 
affected  by  a  leaf -curl. 

14.  Huston,  H.  A.     Sugar  beets.     Bulletin  39,  part  2,  Purdue  University  Agri- 

cultural Experiment  Station,  1892,  p.  49. 

The  abnormal  appearance  of  certain  beets  prepared  for  analysis  is 
descril>ed. 

15.  KoNiNG,  C.    Zeitschrift  ftlr  Pflanzenkrankheiten,  vol.  IX,  2,  pp.  65-80. 

Koning  largely  confirms  the  work  of  Beijerinck  and  others  on  mosaic 
diseases. 

16.  Kramer,  Ernst.    Die  Bacteriosis  der  Runkelrul)e  (Beta  vulgaris  L«.),  eine 

noue  Krankh<*lt  derselben.     Oeeterreisches  I^ndwirtschaftliches  Central- 
blatt,  vol.  1,  1891,  pt  2,  pp.  30-36,  and  pt  3,  pp.  40-41. 

Kramer  refers  to  a  disease  bearing  some  resemblance  to  curly-top  as 
'*  bacteriosis." 

17.  Lapham,  M.  H.,  and  Heileman,  W.  H.    Field  operations  of  the  Bureau  of 

Soils,  IT.  S.  Dept.  of  Agriculture;  soil  survey  of  the  Lower  Salinas  Val- 
ley, California,  1901,  p.  506. 

The  writers  found  an  acid  reaction  in  the  soil  of  fields  where  curly-top 
was  noted,  while  the  disease  did  not  occur  in  this  district  where  the  soil  is 
alkaline  to  litmus. 

18.  LoEW,  Oscar.    letter  to  A.  F.  Woods,  dated  December  12,  1902,  as  follows: 

'*  The  observation  that  you  made,  that  oxidase  can  kill  diastase,  has  been 
made  by  my  assistant  (Suzuki)  in  the  case  of  mulberry  leaves.  Dis- 
eased leaves  have  more  oxidase  than  healthy  ones  and  no  longer  trans- 
port starch."  See  Bulletin  of  the  College  of  Agriculture,  Tokyo  Imperial 
University,  vol.  4,  no.  4. 

19.  Physiological  studies  of  Connecticut  leaf  tobacco.    Report  65,  U.  S. 

Dept.  of  Agriculture,  pp.  11-25. 

20.  Mayer,    Adolph.    Die    Landwirtschaftlichen    Versuchs-Stationen,    voL  32i 

1886. 

Mayer  was  the  first  to  make  a  careful  study  of  the  mosaic  disease  He 
found  that  it  can  not  be  caused  by  an  insufllcient  supply  of  mineral  con- 
stituents in  the  soil. 
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21.  Moni.TON,  Dudley.    Pear  thrips  and  its  control.    Bulletin  80,  pt.  4,  Bureau 

of  Ekitomology,  U.  S.  Dept.  of  Agriculture.    1909. 

Moulton  describes  tlie  work  of  thrips  on  pear  foliage  and  fruit,  showing 
that  these  insects  produce  a  stigmonose. 

22.  Rataz,  L.    Progrte  agrlcole  et  vitlcole,  nos.  21  and  24.    1900. 

Ravas  describes  a  disease  of  the  vine  under  the  name  "  Le  Ck>urt-Noue,*' 
which  shows  all  the  characteristic  markings  and  symptoms  of  mosaic 
disease. 

23.  Smith,  EIbwin  F.    The  bacterial  diseases  of  plants.    A  critical  re\iew  of 

the  present  state  of  our  knowledge.    American  Naturalist,  voL  80,  1896, 
p.  116. 

Smith  reviews  the  work  of  Arthur  and  Golden  and  holds  that  the  dis- 
ease they  investigated  was  curly-top. 
2L  Smith,  Ralph  E.    Report  of  the  plant  pathologist  to  July  1,  1906.    Bul- 
letin 184,  California  Agricultural  Experiment  Station,  pp.  240-241. 

The  appearance  of  beets  affected  with  curly-top  is  here  described. 
25.  Stubgis,  William   G.    Twenty-Second  Annual  Rei)ort,  Connecticut  Agri- 
cultural Experiment  Station  (1898),  pp.  252,  253,  1899. 

A  critical  review  of  the  work  done  on  the  mosaic  disease  to  that  time 
Is  presented,  together  with  the  writer's  own  observations  and  conclusions. 

26. Twenty-Third  Annual  Report,  Connecticut  Agricultural  Experiment 

Station   (1899),  vol.  3,  1900.  p.  253. 

The  writer  here  points  out  that  close,  clayey  soils  are  favorable  to  the 
development  of  mosaic  disease  because  unfavorable  to  the  even  growth 
of  plants. 

27.  SvzuKi,  U.    Bulletin  of  the  College  of  Agriculture,  Tokyo  Imperial  Uni- 

versity, vol.  4,  no.  3,  July,  1900. 

Suzuki  refers  to  a  trouble  of  mulberry  trees  in  Japan  that  evidently 
is  related  to  the  mosaic  disease. 

28.  TowNSEND,  C.  O.    Some  diseases  of  the  sugar  beet,  in  Progress  of  the  Beet- 

Sugar  Industry  in  the  United  States  in  1901.    Report  72,  U.  S.  Dept. 
of  Agriculture,  pp.  93-95. 

Townsend  concludes  that  curly-top  is  due  to  a  lack  of  moisture  at  the 
taproot. 

29. Curly-top,  a  disease  of  the  sugar  beet.    Bulletin  122,  Bureau  of  Plant 

Industry,  U.  S.  Dept  of  Agriculture.    1908. 

The  writer  here  reviews  the  work  on  the  nature  and  cause  of  curly- 
top  of  beets,  recites  the  various  theories  advanced,  and  shows  that  none 
of  them  to  that  date  had  accounted  for  it. 
30.  Tkoube,  M.  J.    La  jaunisse  de  la  betterave.    La  Sucrerie  Indigene  et  Colo- 
niale,  vol.  48  (1896),  no.  12,  pp.  338-340. 

Troude  describes  a  disease  of  beets  occurring  in  France  which  causes 
the  leaves  to  beconie  covered  with  yellow  spots;  these  finally  coalesce  and 
the  entire  leaf  becomes  pale  yellow.  The  development  of  this  disease, 
which  seems  to  bear  some  resemblance  to  the  mosaic  disease,  api)ears  to 
be  greatly  influenced  by  weather  and  soil  conditions. 
*^1.  WiLHELMJ,  A.  Eine  Eigenartlge  RObenkrankheit.  Zeitschrift  des  Vereins 
der  Deutschen  Zucker-Industrie,  April,  1907. 

The  writer  is  of  the  opinion  that  curly-top  is  closely  connected  with  the 
water  supply. 
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32.  Woods.  A.   F.    Botanical  Gnzette,  September,  1897,  and  Centralblatt  fQr 

Bakteriologie,  Paraslteukunde,  und  lufektlonskrankbeiteu,  vol.  3,  pt.  2. 
Studies  on  tbe  carnation  disease  known  as  "  stignionose  *'  are  described. 
Tbe  author  was  unable  to  produce  with  bacteria  the  same  results  as  those 
described  by  Arthur  and  Bolley. 

33.  Woods,  A.  F.    On  tbe  relation  of  oxidizing  enzymes  to  the  destruction  of 

chlorophyll.     Centralblatt  fttr  Bakteriologle,  Parasitenkunde,  und  Infek- 
tionskrankheiten,  vol.  5,  pt.  2.    1899. 

The  destruction  of  chloroplasts  may  probably  be  explained  by  increased 
oxidation  taking  place  in  the  cells. 

34.  Observations  on  the  mosaic  disease  of  tolwicco.    Bulletin  18,  Bureau 

of  Plant  Industry,  U.  S.  Dept.  of  Agriculture.    1902. 

Woods  describes  the  mosaic  disease  of  tol>acco  and  shows  it  to  be 
probable  that  there  is  a  disturbance  of  nutrition  due  to  a  lack  of  balance 
in  the  relative  amounts  or  activity  of  enzymes,  that  the  oxidizing  enzj-mes 
seem  to  be  abnormally  active  in  the  diseased  cells,  and  that  the  mode  of 
oi)eration  is  to  weaken  or  retard  the  action  of  the  diastase.  The  action 
of  the  oxidizing  enzymes  upon  the  diastase,  therefore,  retards  the  pro- 
duction of  sugar,  and  consequently  of  proteids  and  reserve  nitrogen  in 
general.  The  conclusion  is  reached  that  the  disease  can  not  be  due  to 
parasites,  but  must  be  attributed  to  a  disturbance  of  the  normal  physio- 
logical activity  of  the  cells  in  question.  Whatever  causes  the  reduction 
of  available  nitrogenous  reserve  food,  esi)ecially  soluble  nitrogen,  below 
the  requirements  of  dividing  cells  may  cause  this  disease  In  the  tissues 
of  certain  plants. 

35.  Stlgmonose,  a  disease  of  carnations  and  other  pinks.     Bulletin  19, 

Division  of  Vegetable  Physiology  and  Pathology,  U.  S.  Dept.  of  Agri- 
culture.    1900. 

The  disease  is  described  and  its  cause  attributed  to  aphides,  red  spiders, 
thrips,  and  other  sucking  insects.  It  was  reproduced  under  test  con- 
ditions with  these  Insects.  The  effects  of  the  insect  t)uncture8  ou  the  plant 
cells  are  described. 

36.  Science,  n.  s.,  vol.  11,  no.  262,  pp.  17-19. 

Important  structural  differences  between  the  cells  of  the  green  areas 
of  mosaic  plants  and  those  of  the  light  areas  are  |)ointed  out. 

37.  Carnations  in  heulth  and  disease.     Florists'  Excliange,  vol.  13,  1901, 

pp.  188-189,  iind  American  Florist,  vol.  1(5,  no.  004.  1901,  pp.  990. 

This  paper  contains  substantially  the  matter  presented  in  *'  Stlgmonose, 
a  Disease  of  Carnations  and  Other  Pinks." 

181 


r 


PLATES 


181 


41 


BESCBtPTION   OF   PLATES. 

Plate  I.  Work  of  the  beet  leafhopper  (Euiettix  tenella  Baker).  Fig.  1- 
Beet  leaves  affected  by  curly-top;  also  a  beet  leafhopper.  (A)  A  beet  lei 
with  inward  curl  and  pronounced  vein  symptoms;  {B,  C)  two  small  be 
leaves  with  retracted  type  of  curl;  (D)  beet  leafhopper,  adult.  Pig.  2.- 
Dock  leaf  {Rumex  crispus  L.)  spotted  by  punctures  of  beet  ieafboppe 
These  spots  are  of  dark  crimson-lake,  punctate  but  gradually  becomin 
diffuse ;  on  the  flbro- vascular  bundles  they  l>ecome  lanceolate.    Natural  sii 

Pjlate  II.  Work  of  beet  leafhopper  on  seedling  beets.  Fig.  1. — Healthy  an 
curly-top  sugar-beet  seedlings  and  leaves.  (A)  Healthy  seedling;  {B 
curly-top  seedling  with  well-developed  hairy-root,  bowed  petioles,  vei 
symptoms,  and  leaf  curl;  {C)  front  view  of  an  inner  leaf  from  plant  i 
showing  marginal  curl ;  (/))  dorsal  view  of  similar  leaf,  showing  vein  syiq 
toms.  Fig.  2. — Healthy  and  curly-top  sugar  beets  of  medium  size.  {A 
Curly-top  beet  with  hairy-root,  tough  and  fibrous  root,  wide  crown  wM 
many  imi)erfect  leaves  sprouting  therefrom;  (B)  beet  in  perfect  health. 

Plate  III.  Effects  of  leafhopper  attacks.  Fig.  1. — ^Large  sugar  beet  affect* 
Ir.te  in  the  season  by  curly-top.  The  retracted  type  of  curl  appears  to  I 
produced  by  leafhoi)pers  when  they  attack  a  large  beet  in  considerab 
numbers.  Fig.  2. — Sections  of  healthy  and  curly-top  sugar  beets,  showll 
the  discoloration  of  fibro- vascular  bundles.  (A)  Longitudinal  and  (J 
oblique  sections  of  a  healthy  sugar  beet,  showing  the  very  light,  delicatel 
traced  fibro-vascular  bundles  of  the  root.  {C,  D)  Similar  sections  of 
curly-top  beet,  showing  the  dark  areas,  dark  fibro-vascular  bundles,  ai 
blackened  area  with  incipient  cavity  near  crown;  {E,  F)  similar  sectloi 
of  curly-top  beet,  showing  more  pronounced  blackening  of  bundles  and 
cavity  with  black  walls  near  crown. 

Plate  IV.  Seed  beets  affected  by  curly-top.  Fig.  1. — Seed  beet  exhibiting  I 
ward  tyije  of  curl.  Fig.  2. — Seed  beet  with  long,  sinuous  type  of  leaf 
due  to  curly-top;  this  type  never  produces  a  seed  stem. 

Plate  V.  Seed  beets  affected  by  cnrly-top.  Fig.  1. — Seed  beet  showing  I 
tracted  type  of  curl.  The  greater  portion  of  seed  beets  thus  affected  hai 
this  type  of  leaf-curl.  Fig.  2. —  (A)  Seed  beet  showing  both  inward  and  i 
tracted  types  of  leaf-curl;  (B)  seed  beet  with  rosette  of  severely  retractn 
leaves  and  no  seed  stem.  With  this  type  of  curl  no  seed  stem  ever  d 
velops. 

Plate  VI.  Seetl  stems  of  curly-top  beets.    Fig.  1. — Curly-top  seed  beets  matn 
Ing  seed.     Fig.  2. — Seed  beet  slightly  affected  by  curly-top;  very  sW 
ayuiptoniH  of  the  disease  are  apparent ;  the  trouble  is  shown  principally 
the  checking  of  growth.    Compare  with  Plate  VII,  which  shows  a  healtl 
seed  beet  of  the  same  age  photographed  to  the  same  scale. 

Plate  VII.  Healthy  seed  beet  of  same  age  as  that  shown  in  Plate  VI,  figure 

Plate  VIII.  Root  conditions  of  seed  beets  affected  with  curly-top.  Fig  1- 
Seed  beet  badly  affected  by  curly-top  and  root  almost  destroyed  by  w 
(Probably  Phoma  hetae  or  Rhizoctonia.)  Rot  not  caused  by  the  curly-tD 
Fig.  2, — Seed  beet  with  sound  root,  though  badly  affected  with  curly-to 
This  root  was  as  crisp  and  sound  as  when  siloed  more  than  seven  moat] 
earlier. 

Plate  IX.  Fig.  1. — ^Two  young  sugar  beets  showing  curly-top  symptoms  un* 
test  conditions  with  leafhoppers.  These  plants  were  placed  under  i-gall< 
Mason  jars  with  two  to  four  leafhoppers,  and  the  disease  developed  i 
the  result  of  their  attacks.  Mason  Jars  shown  in  the  background  ov 
other  beets.  Fig.  2. — Portion  of  cabbage  leaf  showing  curly-top  symptoa 
after  leafhopper  attacks;  no  visible  spotting  of  leaves.  These  cabbaff 
grew  in  a  small  plat  between  two  badly  leafhopper-infested  fields;  toil 
leafhoppers  were  noted  feeding  on  the  outer  leaves  of  the  cabbages. 
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Fw.  2.— Seed  Beet  with  Lonq,  Sinoous  Type  of  Leaves  Caused  by  Curly-t 


Fig.  1.— Seed  Beet  Showikq  Retracted  Type  of  Cubl 


Fkl  2.— a.  Seed  Beet  Showikq  both  Inward  amd  Retracted  Tvpe  of  Leaf- 
cuRL;  B,  Seed  Beet  with  Rosette  op  Severely  Retracted  Leaves  and 
No  Seed  Stem. 
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Healthy  Seed  Beet  of  Same  Aqe  as  that  Shown  in  Plate  VI,  Figure  2. 
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phidee,  damage  to  beet  leaves,  studies  and  experiments  in  Utah 14 

effect  on  apples  and  pears 31 

carnations 31 

Eiles,  effect  of  aphides,  thrips,  etc 31 

plex  sp. ,  host  plant  of  beet  leafhopper 22 

Icteria,  possible  cause  of  curly-top  in  beets 13 

^t,  E.  I>. ,  study  of  beet  leafhopper  as  cause  of  curly-top 13, 23, 24 

bet  leafhopper.    See  Leafhopper,  beet, 
curly-top.    See  Curly-top. 
disease.    See  Curly-top. 

extiaction  of  plant  juices,  responsibility  for  curly-top 20-21 

groiprers,  importance  of  recognition  of  leafhopper 24 

injury  caused  by  Eutettix  strobi 21 

leaf-curl,  types,  symptoms,  etc ^ 28-29 

leaves,  damage  caused  by  aphides,  studies  and  experiments  in  Utah. . .  14 

leaf  hoppers,  comparison  of  work  of  nymphs 

and  adults 18 

studies  and  experiments  in  Utah.  14 

red  spiders,  studies  and  experiments  in  Utah.  14 

thrips,  studies  and  experiments  in  Utah 14 

mother,  use  of  term 12 

planting,  early,  advantages  in  prevention  of  curly-top 19-20 

rotting,  caused  by  Fhoma  betae 13 

Rhizoctonia 13 

seed,  curly-top,  attack 24-25 

progeny  healthy 31 

symptoms  and  description 12-13 

diseased,  healthfulness  of  progeny 31, 32 

nonproduction  of  seed  when  affected  by  curly-top 29-31 

percentage  of  loss  from  curly-top 29-30 

production,  damage  to  industry  by  curly-top 29-31 

menace  of  curly-top 9 

raising,  effect  of  curly-top 24-28 

use  of  term 12 

spraying  for  control  of  leafhoppers 35 

sugar,  attacks  of  hop  flea-beetle,  control 36 

contraction  of  curly-top 24-25 

initiation  of  curly-top  by  leafhoppers,  study  of  time  and  manner.  25-28 

pedigree,  planting  in  Utah 25 

selection  for  siloing 24-25 

whiskered,  beet  disease 9, 10 

young,  destruction  by  curly-top 11 
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LETTER  OF  TRANSMIHAL 


U.  S.  Dbpabtment  of  Ageiculture, 

BuBEAu  OF  Plant  Indvstry, 

Office  of  the  Chief, 
WasUngton,  D.  C,  March  28,  1910. 

Sib:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  ^'Ten 
Years'  Experience  with  the  Swedish  Select  Oat/'  by  Mr.  Mark  Alfred 
Carleton,  Cerealist  in  Charge  of  Grain  Investigations,  and  to  recom- 
mend that  it  be  published  as  Bulletin  No.  182  of  the  series  of  this 
Bureau. 

Twelve  years  or  more  i^o,  while  considerable  attention  was  paid 
to  the  oat  crop  in  this  coimtry,  there  was  no  definite  idea  of  the 
adaptation  of  varieties  to  different  portions  of  the  United  States  and 
there  was  great  need  of  varieties  that  would  give  much  better  results 
in  certain  locaUties  than  were  obtained  by  those  then  grown.  About 
that  time  several  different  kinds  of  wheat,  oats,  barley,  and  other 
cereals  were  introduced  into  this  country,  particularly  from  Russia. 
Among  these  was  the  Swedish  Select  oat,  obtained  by  the  writer  of 
the  accompanying  paper  while  acting  as  Agricultural  Explorer  for  this 
Bureau.  This  soon  proved  to  be  admirably  adapted  to  the  northern 
portion  of  the  United  States. 

This  paper  discusses  the  many  experiments  and  observations  made 

concerning  this  oat  at  several  of  the  experiment  stations  and  on 

numerous  farms  during  the  past  ten  years. 

Respectfully, 

G.  H.  Powell, 

Acting  Chief  of  Bureau. 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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TEN  YEARS'  EXPERIENCE  WITH  THE 

SWEDISH  SELECT  OAT. 


INTBODUCTION. 

In  the  region  between  the  Great  Lakes  and  the  Rocky  Mountains 
one  of  the  best-known  varieties  of  oat  at  present  is  the  Swedish  Select. 
The  annual  production  of  this  variety  in  the  area  mentioned  is  already 
at  least  50,000,000  bushels,  and  in  certain  localities  it  has  for  some 
time  entirely  replaced  all  other  kinds.  It  is  the  most  popular  oat  in 
Wisconsin  and  adjacent  districts,  and  the  acreage  sown  each  year  has 
increased  rapidly.  Yet  up  to  1899  this  oat  was  quite  unknown  in 
North  America. 

The  Swedish  Select  oat  was  introduced  into  the  United  States  by 
the  writer  in  the  spring  of  1899  in  time  for  planting  that  season.  It 
was  obtained,  along  with  other  cereals,  while  making  an  exploration 
of  the  cold  and  semiarid  regions  of  Russia  and  western  Siberia  in 
1898-99  in  search  of  cereals  adapted  to  corresponding  conditions  in 
this  country.  At  the  same  time  two  other  oat  varieties  were  obtained, 
one  of  which,  the  Tobolsk,  is  of  much  value,  but  the  Swedish  Select 
is  proving  to  be  by  far  the  best  of  the  three  in  nearly  every  respect. 
It  originated  in  Sweden  as  a  pedigree  variety  developed  by  selection 
many  years  ago  and  was  afterwards  grown  in  Finland  and  in  St. 
Petersbui^  Province,  Russia.  Under  the  severe  weather  conditions 
of  these  localities  it  became  well  acclimated  for  a  cold  and  dry 
climate. 

CHABACTEBISTICS. 

The  Swedish  Select  variety  is  a  lai^e-grained  white  oat,  with  a 
spreading  top  or  panicle.  (See  PI.  I.)  The  distinguishing  marks  are 
a  blunt,  plump  kernel,  with,  usually,  dark,  slightly  twisted  awns  and 
a  heavy  weight  per  bushel.  It  is  a  very  prolific  variety,  which  qual- 
ity, together  with  the  size  and  weight  of  the  kernel,  is  no  doubt  the 
result  of  previous  selection.  The  usual  weight  per  bushel  is  34  to  36 
pounds,  while  in  Montana  a  weight  of  44  to  46  pounds  is  not  rare.  In 
order,  therefore,  to  appreciate  its  real  superiority  over  other  varie- 
ties in  yield  per  acre,  comparison  must  be  made  on  the  basis  of  bushels 
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8         TEN  YEABS*  EXPERIENCE  WITH  THE  SWEDISH  SELECT    OAT. 

by  weight  instead  of  measured  bushels.  It  also  grows  to  a  consider 
able  height  and  produces  much  straw,  its  chief  fault  being  a  tendencj 
toward  overproduction  of  straw  when  grown  on  rich  or  low^  land 
The  roots  are  lai^e  and  vigorous,  giving  the  plants  hardiness  in  cold 
or  dry  seasons.  This  quality  was  probably  developed  during  the 
period  of  acclimation  in  northern  Russia.  Plate  II  shows  a  sample 
of  the  Swedish  Select  oat  in  comparison  with  two  other  introduced 
oats,  Sixty-Day  and  North  Finnish  Black. 

BB8T7LTS  OF  TRIALS  IN  THIS  COXnTTBY. 

Only  20  bushels  of  seed  of  the  Swedish  Select  oat  were  obtained  in 
the  original  introduction.*  One  other  importation  of  160  bushels 
was  made  through  Mr.  E.  A.  Bessey  in  1901.*  However,  a  large  per- 
centage of  the  present  production  has  descended  from  the  20  bushels 
received  in  1899. 

In  another  publication  of  this  Department  ^  the  following  statement 
by  the  writer  is  made  at  the  close  of  a  description  of  this  oat: 

In  this  country  it  will  be  suitable  for  cultivation  in  all  the  extreme  Northern  States, 
from  New  York  to  Washington,  and  in  southern  Alaska. 

With  the  exception  that  northern  New  England  might  have  been 
included,  no  statement  could  be  more  completely  and  accurately  con- 
firmed by  present  results  than  this  one  has  been  after  ten  years  of 
experience.    The  results  of  a  long  series  of  trials  show  that  this  variety 
is  sharply  limited  in  its  adaptation  to  just  the  region  mentioned  and 
that  it  is  not  only  much  superior  to  other  kinds  previously  grown  in 
that  region  but  is  just  as  much  inferior  to  other  kinds  in  adaptation 
to  other  regions.     It  is  just  as  worthless  for  Texas  and  Tennessee  as    ; 
it  is  superior  for  Wisconsin  and  Montana.  i 

The  whole  series  of  trials  of  the  Swedish  Select  oat  in  the  United  | 
States  and  the  accompanying  results  have  been  extremely  interest-  I 
ing.  No  other  introduced  oat  has  been  so  thoroughly  and  widely  j 
tested.^ 

This  oat  was  grown  on  the  experimental  plats  of  the  Agricultural     | 
Academy  at  Moscow,  Russia,  and  was  considered  by  Professor  Wil- 
liams, of  that  institution,  to  be  an  excellent  variety  for  the  North. 

a  Inventory  No.  4,  Division  of  Botany,  U.  S.  Dept.  of  Agriculture,  1899,  p.  3  (S.  P.  I. 
No.  2788),  and  Inventory  No.  7,  same  series,  1900,  p.  13  (S.  P.  I.  No.  2788).  i 

b  Bulletin  66,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  p.  276  (S.  P.  I. 
No.  9422). 

c  See  "Russian  Cereals  Adapted  for  Cultivation  in  the  United  States,"  Bulletin 23, 
Division  of  Botany,  U.  S.  Dept.  of  Agriculture,  1900,  p.  21. 

<*  It  may  be  of  interest,  however,  to  state  that  another  variety,  the  Sixty-Day,  also 
from  Russia,  stands  second  in  the  attention  it  is  receiving  and  promiaes  to  become 
fully  as  popular  as  the  Swedish  Select,  although  it  is  adapted  to  conditions  laigely 
just  the  opposite  of  those  required  by  the  latter  oat. 
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BESULT8  OF  TRIALS  IN   THIS  COUNTBY.  9 

TRIALS   BT  EXPERIMENT   STATIONS. 

A  large  part  of  the  seed  of  the  first  introduction  was  placed  imme- 
diately with  the  agricultural  experiment  stations  in  the  Northern 
States  and  planted  in  the  spring  of  1899.  From  this  time  forward 
the  most  extensive  trials  have  been  made  at  the  experiment  stations 
in  Wisconsin,  North  Dakota,  and  Montana.  A  report  of  these  trials 
will  be  given.  In  Wisconsin  and  North  Dakota  the  experiments 
have  for  some  time  constituted  a  part  of  the  regular  series  conducted 
in  cooperation  with  this  Bureau. 

Wisconsin. 

The  results  obtained  by  the  Wisconsin  Agricultural  Experiment 
Station  have  been  exceedingly  interesting.  Only  6  poimds  of  seed 
were  sent  to  the  station,  and  this  quantity  was  sown  on  a  tenth-acre 
plat.     In  the  words  of  Prof.  R.  A.  Moore,  agronomist — * 

The  results  were  so  favorable  that  an  effort  was  put  forth  to  improve  them  by  selec- 
tion  and  careful  grading  of  the  seed  for  each  season's  crop.  In  all  comparisons  with 
selected  varieties  of  oats  the  Swedish  were  equal  to  the  best  in  point  of  yield  and  had 
several  desirable  characteristics  superior  to  other  varieties. 

Concerning  the  good  qualities  of  this  variety,  Professor  Moore 
states  as  follows:^ 

The  Swedish  Select  oats  (Wisconsin  No.  4)  seem  especially  adapted  for  high,  well- 
drained  land ,  and  the  best-known  returns  are  from  clay -loam  soils.  The  great  root  devel- 
opment is  one  of  the  characteristics  of  the  Swedish  oats,  which  enables  the  plant  to 
resist  drought  better  than  any  other  variety  tested.  The  straw  is  coarse  and  is  noted 
for  its  stiffness  and  power  to  withstand  lodging.  The  Swedish  oats  lodged  for  the  first 
time  during  the  four  years'  test  on  the  experimental  farm  the  past  season,  this  being 
due  to  the  severe  storm  of  July. 

On  the  experiment  station  farm  such  good  results  were  obtained 
in  1899  and  1900  that  7i  acres  were  sown  in  1901,  with  the  view  of 
increasing  the  quantity  of  seed  for  distribution  throughout  the  State. 
This  crop  made  306  bushels,  a  yield  of  40.8  bushels  per  acre,  in  spite 
of  the  serious  drought  of  that  season.  This  drought,  though  it 
appears  to  have  been  particularly  severe  at  Madison,  where  this 
good  crop  of  Swedish  Select  oats  was  grown,  was  general  throughout 
the  State  and,  in  fact,  throughout  the  Northwest.  The  average 
yield  of  oats  for  the  State  was  thereby  reduced  to  less  than  30  bushels 
per  acre.  There  is  shown,  therefore,  in  this  comparison  a  striking 
exhibition  of  the  drought-resisting  quality  of  the  Swedish  Select. 

In  the  mean  time  there  was  organized  the  Wisconsin  Agricultural 
Elxperiment  Association,  composed  of  people  connected  with  the 
Wisconsin  College  of  Agriculture,  which  association  has  become 
extremely  effective  in  improving  the  crops  of  the  State.     Seed  of 

a  Third  Annual  Report,  Wisconsin  Agricultural  Experiment  Association,  p.  9. 
5  First  Annual  Report,  Wisconsin  Agriculttural  Experiment  Association,  p.  16. 
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the  Swedish  Select  oat  was  sold  to  members  of  this  association,  and  ii 
1902  forty-one  members  grew  this  oat  in  thirty-three  different  countia 
of  the  State.  The  average  yield  per  acre  from  all  these  trials  wn 
53  bushels,  while  the  average  yield  of  ordinary  oats  for  the  Stati 
was  40  bushels.  No  doubt  a  part  of  this  difference  in  yield  should 
be  credited  to  the  better  methods  of  cultivation  that  would  likelj 
be  practiced  by  these  men,  but  it  is  probable  that  the  laj^er  per- 
centage of  increase  was  due  to  the  variety  employed.  In  1903. 
1904,  and  1907  certain  members  of  the  association  grew  other  varie- 
ties in  comparison  with  the  Swedish  Select,  with  results  here  tabulated 
as  follows: 

190S. 

Number  of  members  reporting 100 

Number  of  acres  sown 638} 

Number  of  bushels  harvested 23, 705 

Average  number  of  bushels  per  acre  of  Swedish  Select 44 

Average  number  of  bushels  per  acre  of  other  varieties 37. 5 

1904. 

Number  of  members  reporting 30 

Number  of  acres  sown 352 

Number  of  bushels  harvested 18, 300 

Average  number  of  bushels  per  acre  of  Swedish  Select 45 

Average  number  of  bushels  per  acre  of  other  varieties 40 

1907. 

Number  of  members  reporting 96 

Number  sowing  on  fall-plowed  land 64 

Number  sowing  on  spring-plowed  land 32 

Number  sowing  with  a  drill 44 

Number  sowing  with  a  seeder 46 

Number  treating  for  prevention  of  smut 25 

Number  of  cases  where  oats  were  smutted 17 

Number  of  cases  where  oats  rusted  badly 61 

Average  number  of  bushels  per  acre  of  Swedish  Select 27. 9 

Average  number  of  bushels  per  acre  of  other  varieties 24. 3 

Seed  has  been  sold  by  members  of  the  experiment  association  to 
other  farmers  of  the  State,  until  the  Swedish  Select  oat  has  become 
very  widely  distributed.  Professor  Moore  estimates  that  150,000 
bushels  were  grown  in  1903,  4,000,000  bushels  in  1904,  and  in  1905 
8,000,000  bushels  by  at  least  10,000  farmers.  In  1906  about  12,000,- 
000  bushels  were  produced,  and  in  1907  at  least  20,000,000  bushels, 
though  the  season  was  very  unfavorable.  In  1908  no  less  than 
30,000,000  bushels  were  harvested,  or  over  two-fifths  of  the  entire 
oat  crop  of  the  State.  These  estimates  refer  only  to  the  crop  de- 
scended from  the  original  6  pounds  of  seed  sent  to  the  experiment 
station.  There  is  a  considerable  production  in  Wisconsin  descended 
from  other  seed  and  referred  to  in  another  place.  About  three- 
fourths  of  the  members  of  the  Wisconsin  Agricultural  Experiment 
Association  were  growing  the  Swedish  Select  oat  in  1908. 
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The  results  of  a  10-year  yield  test  of  the  Swedish  Select  oat  in 

eomparison  with  that  of  a  number  of  other  good  varieties  at  the 

IWisconsin  Agricultural  Experiment  Station  are  summarized  below 

lin  bushels  per   acre,  the  average  yield  for  the  State  being  given 

f also  for  further  comparison : 

Table  I. —  Yield  to  the  acre  of  the  Swedish  Select  oat  compared  with  that  of  other  varieties 
gronm  at  the  Wiscontin  Agricultural  Experiment  Station  and  throughout  the  State 
from  1899  to  1908,  inclusive. 


Yesr. 


I 
I 

! 

noi 

1902 

1908 

1904 

1906 

1906 

1907 

19» 

AvcfBge. 


Swedish 

Hlghmt 
yield  of 

Averace 
OfaU 

Select. 

any  other 

other 

BnOieii. 

variety. 

varletlee. 

BuAd». 

BtukeU. 

60.6 

66.0 

49.4 

64.5 

70.2 

40.4 

38.1 

46.8 

30.2 

60.2 

61.3 

46.1 

72.0 

72.5 

59.0 

62.0 

64.0 

50.3 

60.0 

66.8 

43.4 

99. 0 

78.1 

32.6 

12.5 

33.7 

17.5 

50.0 

63.6 

45.0 

50.8 

63.1 

42.3 

Average 

yield  of 

oatein 

Wiwon- 

sln. 


BtuheU. 
36.0 
32.0 
29.1 
39.0 
32.8 
35.0 
39.0 
37.4 
22.0 
31.1 

33.4 


Table  I  shows  that  the  yield  per  acre  of  the  Swedish  Select  oat 
as  an  average  for  10  years  is  50.8  bushels  and  is  8.5  bushels  greater 
than  the  average  yield  of  all  other  varieties  tested  during  this  time. 
An  average  of  the  highest  yield  reached  by  any  other  variety  during 
the  period  is  63.1  bushels.  This  statement  must  not  be  misunder- 
stood. The  highest  yield'  was  not  made  by  the  same  variety  each 
year.  The  Swedish  Select  made  the  greatest  average  jrield  for  the 
10-year  period.  With  reference  to  the  yield  of  the  Swedish  Select 
oat  in  1907;  Professor  Moore  comments  as  follows: 

Our  test  plots  were  located  in  a  hollow,  and  the  heavy  rains  during  the  summer  par- 
tially flooded  some  of  the  ground,  and  the  oats  were  badly  lodged  and  affected  with  rust 
to  such  an  extent  that  the  crop  was  almost  a  failure.  A  member  of  our  experiment 
association,  who  lives  near  the  university  farm,  has  been  carrying  on  tests  with  these 
(Swedish  Select)  oats  for  several  years  under  our  direction.  I  almost  think  it  would 
be  fair  to  use  his  figures  in  this  report  as  he  has  been  carrying  on  his  work  in  accordance 
with  my  directions  for  several  years.  His  report  on  18  acres  this  year  with  the  Swedish 
Select  oats  is  33  bushels  to  the  acre. 

The  seven  varieties  yielding  the  highest  per  acre  for  the  period 
1899-1903  are  as  follows: 

Bushels. 

Swedish  Select 58. 8 

Big  Four 56.3 

Silver  Mine 55. 6 

Early  Gothland 54.8 

Lincoln 53. 6 

Wisconsin  Wonder 53. 5 

Siberian 53.0 
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The  figures  for  the  Swedish  Select  and  the  Siberian  varieties  are 
for  the  full  5-year  period.  The  other  varieties,  except  the  Wisconsin 
Wonder,  were  sown  first  in  1900,  and  the  average  yields  are  therefore 
for  4  years  only,  while  the  Wisconsin  Wonder  was  grown  only  in  the 
3  years  from  1901  to  1903.  The  same  varieties  made  the  highest 
yields  for  the  7-year  period  from  1899  to  1905,  but  in  the  following 
order: 

BoBhelB. 

Swediflh  Select 58.1 

WiscoDfiin  Wonder 56. 1 

Big  Four 55.3 

Siberian 54. 9 

Early  Gothland 53.5 

Lincoln 53. 3 

Silver  Mine 50.9 

The  Swedish  Select  is  the  only  one  of  the  seven  varieties  that  was 
grown  every  year  of  this  period.  The  Siberian,  Early  Grothland,  and 
Silver  Mine  were  grown  for  6  years,  and  the  Wisconsin  Wonder,  Big 
Four,  and  Lincoln  for  5  years.  The  average  yield  per  acre  of  the 
Swedish  Select  oat  for  7  years  is  2  bushels  greater  than  that  of  the 
Wisconsin  Wonder,  standing  next  highest,  though  from  fifteen  to  thirty- 
five  good  varieties  were  compared  during  this  time,  while  during  8 
years  it  averaged  3.3  bushels  per  acre  more  than  the  Siberian,  which 
yielded  next  highest  for  that  period. 

Such  figures  as  the  foregoing  do  not,  however,  give  an  accurate 
idea  of  the  yields,  as  all  varieties  are  not  always  grown  the  same  years. 
By  substituting  Tobolsk  for  Lincoln  we  have  seven  kinds,  some  or  all 
of  which  have  been  grown  every  year  of  certain  periods.  For  exam- 
ple, the  seven  were  grown  each  of  the  6  years  from  1901  to  1904,  1906, 
and  1907,  with  average  yields  per  acre  as  follows: 

Boshela. 

Swediflh  Select 59.5 

Wisconsin  Wonder 47.3 

Siberian 44.1 

Early  Gothland 42.5 

Big  Four 41.6 

Silver  Mine 40. 8 

Tobolsk ." 30.1 

Six  of  these  seven  varieties  were  each  grown  every  year  of  the 
7-year  period  from  1900  to  1904,  1906,  and  1907,  and  another  series 
of  six  was  grown  every  year  of  the  7-year  period  from  1901  to  1904 
and  from  1906  to  1908,  with  yields  as  follows: 

Period,  1900-1904,  1906,  and  1907. 

Bushels. 

Swedish  Select 60.  2 

BigP'our 46.3 

Siberian 45. 1 

Silver  Mine 45.  O 

Early  Gothland 43.6 

Tobolsk 3S.7 
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Period,  1901-190i  and  190&-1908. 

Buahelfl. 

Swedish  Select 68.2 

Wisconfliii  Wonder 46. 0 

Early  Gothland 43.1 

Big  Four 42.4 

Silver  Mine 42.2 

Tobolsk 36.8 

Five  of  these  seven  varieties  were  grown  every  year  of  an  8-year 
pericKl,  1900-1904  and  1906-1908,  with  the  following  average  acre 
yields: 

Boflhels. 

Swediflh  Select 68.9 

Big  Four 46.7 

Silver  Mine 46.7 

Early  Gothland 44.0 

Tobolsk 89.2 

Three  varieties  were  grown  every  year  of  the  9-year  period  from 
1900  to  1908,  with  yields  as  follows: 

BoBhete. 

Swedish  Select 67.9 

SUverMine 44.9 

Early  Gothland 43.3 

The  Swedish  Select  is  the  only  variety  grown  during  the  entire  10- 
year  period  from  1899  to  1908,  giving  an  average  acre  yield  of  50.8 
bushels,  as  already  mentioned.     (See  PI.  III.) 

This  summary  of  the  tests  at  the  Wisconsin  Agricultural  Experi- 
ment Station,  in  which  many  good  varieties  were  employed,  indicates 
a  complete  victory  for  the  Swedish  Select  oat.  To  give  an  average 
yield  during  9  years  of  13  bushels  more  than  the  Silver  Mine,  and  dur- 
ing 8  years  of  12.2  bushels  more  than  the  Big  Four,  which  the  Swedish 
Select  has  done,  is  an  indication  of  exceptional  merit,  as  these  two 
oats  are  considered  among  the  best  in  the  North-Central  States.  The 
Wisconsin  Wonder  stands  high  in  one  of  the  7-year  periods  and  is 
apparently  {t  good  oat. 

The  Sixty-Day  oat  was  grown  each  year  of  the  last  4  years,  1905- 
1908,  and  during  these  years  gave  an  average  yield  of  59.1  bushels, 
considerably  larger  than  that  of  the  Swedish  Select  for  the  same 
period.  This  period,  however,  includes  particularly  unfavorable  years 
for  the  latter,  compared  with  other  sorts.  During  an  8-year  period 
the  Swedish  Select  oat  gave  an  average  yield  almost  equal  to  that  of 
the  Sixty-Day  for  the  4  years  from  1905  to  1908. 

North  Dakota. 

A  valuable  characteristic  of  the  Swedish  Select  oat  is  its  hardiness 
in  seasons  of  drought  and  cold  and  its  ability  to  produce  well  on  high, 
poor  land.  On  the  other  hand,  under  very  favorable  conditions  for 
oat  production  it  is  likely  to  prove  inferior  to  other  good  varieties. 
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This  fact  is  well  illustrated  in  the  results  obtained  at  the  North  Da- 
kota Agricultural  Experiment  Station  at  Fargo.  This  experiment 
station  is  located  in  the  Red  Biver  Valley,  a  region  of  low  elevation^ 
having  a  rich,  black  soil  and  a  good  average  rainfall.  In  recent 
years  the  rainfall  has  been  considerably  above  the  average,  finally 
resulting  in  1905  in  actual  inundations  of  portions  of  the  valley, 
including  the  site  of  the  experiment  station.  Accordingly,  no  com- 
parison of  yields  of  oats  can  be  given  for  1905.  The  loss  of  seed  by 
fire  prevented  the  sowing  of  the  Swedish  Select  variety  in  1901 .  For 
the  remaining  years  from  1899  to  1908  the  yield  per  acre  of  the 
Swedish  Select,  conq>ared  with  other  varieties,  is  as  follows: 

Tablb  II. —  Yield  to  the  acre  of  the  Swedish  Select  oat  compeared  v/Uh  that  of  other  varieties 
grown  at  the  North  Dakota  AffricuUural  Experiment  Station  and  throughout  the  State 
from  1899  to  1908,  except  1901  and  1905. 


Year. 

Yield  of 

SwediBh 

Select. 

HIClMSt 

yiddof 
any  other 
variety. 

Average 
yield  of 
another 
varfetieB. 

Averaee 

yield  of 

oatain 

North 

I>akota. 

1899 

BuAdi, 

75.4 
23.0 
80.8 
<V1.2 
54.6 
48.1 
68.7 
67.0 

Bucket*.' 
81.1 
45.7 
72.2 
77.3 
75.4 
66.6 
78.0 
06.2 

BuOuU. 
70.7 
29.1 
40.7 
02.8 
57.8 
46.6 
58.1 
79.8 

Bu»ka». 

30.0 

1900 

10.3 

1902 

3S.4 

1903 

27.4 

1904 

37.4 

1906 

32.5 

1907 

2*.S 

1908 

23.4 

Average 

58.2 

72.6 

55.7 

2S.0 

It  will  be  observed  that  here  the  Swedish  Select  compares  unfavor- 
ably with  other  varieties,  its  yield  per  acre  being  less  than  tihie  average 
for  all  others  in  the  years  1900,  1902,  1904,  and  1908,  and  its  average 
for  the  8  years  less  by  2J  bushels  than  the  average  for  all  other 
varieties  for  that  period.  It  remains,  however,  pretty  nearly  an 
average  variety  in  yield  for  that  region,  and  is  superior  to  many  others 
in  size  and  weight  of  kernel.  As  might  be  supposed,  it  has  done  much 
better  in  higher  and  drier  portions  of  the  State  westward.  Prof.  J.  H. 
Shepperd,  collaborator  in  these  investigations,  writes  as  follows: 

The  Swedish  Select  oat  has  not  proven  a  very  good  variety  under  local  conditioii0. 
It  does  far  better  on  our  lighter  and  drier  soil. 

At  the  branch  experiment  station  at  Edgeley,  N.  Dak.,  in  1903  and 
1904  this  variety  gave  good  results,  making  a  yield  per  acre  consider- 
ably greater  than  the  average  of  all  other  varieties.     (See  fig.  1.) 

Montana. 

At  the  Montana  Agricultural  Experiment  Station,  at  Bozeman,  the 
conditions  for  oat  cultivation  are  even  more  favorable  ordinarily  than 
at  Fargo,  N.  Dak.  Here,  also,  in  a  5-year  trial  the  Swedish  Select 
oat  gave  yields  inferior  to  those  of  a  number  of  other  varieties.    In 
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addition  to  the  low-tjing  rich  soil  and  excpllent  climate  the  oat  plats 
bad  the  advantage  of  irrigation.  Other  triula  l)y  farmerw  in  otlipr 
parts  of  the  State  were  made  under  conditions  of  "dry  farming" 
without  irrigation.  Results  are  available  only  for  the  period  from 
1900  to  1905,  inclusive,  and  through  some  oversight  the  Swedish 
Select  variety  was  not  sown  at  the  experiment  station  in  1902.  This 
happene<I,  too,  to  be  a  year  of  enormous  yields,  one  variety,  the  Wide 
Awake,  yielding  172.5  bushels  per  acre.     For  the  remaining  years 


in  this  period  from  1900  to  1905  tlie  yield  of  the  Swedish  Select,  com- 
pared with  five  other  varieties,  was  as  follows: 

Table  III.—  Yield  to  the  acre  of  the  Steeduh  Silert  oat  compared  with  that  of  five  other 
varieties  grown  at  the  Montana  AgricuHnral  Eiperiment  ttlation  during  19(/0  and  1901 
and/rom  1903  to  1905. 


V.,.. 

leoo. 

,„,. 

1903. 

.». 

Tf 

Wtlght 

4i:i 

11 

growth. 

StuO. 
79.0 

BiuJI. 

Biuh. 

^i-n 

The  Swedish  Select  oat  stands  fifth  in  the  list  in  yield.  These  varie- 
ties only  were  grown  in  1905.  For  the  years  1900,  1901,  1903,  and 
1904  the  following  other  varieties  made  an  average  yielil  greater  than 
that  of  the  Swedish  Select,  while  several  fell  below  it: 

nmhrl-. 

Mi^heda 109.  8 

American  While 109.2 

American  Beauty 107.  9 

Archangel 100.  9 

It  will  be  noted  in  Table  III  that  the  Swedish  Select  out  stands 
much  above  the  others  in  weight  per  bushel.  It  is  also  four  daya 
earlier  than  any  other  variety.    Only  one  variety  out  of  fifteen,  the 
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Badger  Queen  (not  grown  in  1905),  weighed  more  than  the  Swedish 

Select,  the  average  weight  of  the  former  for  four  years  being  44.5 

pounds  per  bushel. 

South  Dakota. 

Next  to  Wisconsin,  more  attention  has  been  given  to  the  Swedish 
Select  oat  at  the  South  Dakota  Agricultural  Experiment  Station,  at 
Brookings,"  than  at  any  other  point.  Here  this  oat  has  been  grown 
throughout  the  10-year  period  from  1899  to  1908,  but  in  1902  no 
results  were  reported  because  of  the  damage  by  wind,  and  in  1903  all 
varieties  were  entirely  destroyed  by  hail.  Therefore,  actual  results 
are  available  for  only  8  years  out  of  the  10. 

During  the  period  mentioned,  1899-1908,  many  varieties  of  oats 
were  grown,  a  number  of  them  having  just  been  introduced  by  the 
writer  from  Russia  and  other  foreign  countries.  In  the  following 
table  is  given  the  yield  per  acre  obtained  with  some  of  the  best  sorts, 
only  two  of  which,  the  Swedish  Select  and  the  Tobolsk,  were  grown 
each  of  the  eight  years. 

Table  IV. —  Yield  to  the  acre  of  the  Swedish  Select  oat  compared  with  that  of  other  varitUa 
ffrown  at  the  South  Dakota  Agricultural  Experiment  Station  from  1899  to  1901  and 
from  1904  to  1908.- 


Variety. 

1899. 

1900. 

1901. 

Bfuh. 
59.0 
57.0 
65.0 

1904. 

1905. 

1906. 

1907. 

1908. 

Aven&ice. 

Num- 
ber of 
years 
grown. 

Swedish  Select 

Bxuh. 

41.65 
35.50 

22.7 
24.3 

Bush. 
70,0 
55.6 
69.6 
50.7 
46.8 
46.8 
64.7 
52.7 
55.6 
65.0 
55.6 
51.7 
54.7 

Bush. 
45.3 
40.6 
80.0 
24.3 
20.6 
30.2 
35.2 
30.5 
28.7 
35.7 
22.8 
24.1 
25.6 
31.9 
27.6 
37.5 

BiMft. 
61.6 
47.6 
61.6 
42.2 
19.4 
32.7 
42.7 
45.6 
43.8 
40.8 
44.4 
35.0 
37.2 
42.8 
42.4 
42.8 

Bush. 

24.1 

5.0 

24.4 

14.1 

"i'i" 

10.9 
10.3 

5.0 
11.9 
11.9 
14.4 
J7.8 
13.8 

9.1 

Bush. 

26.0 

21.8 

69.2 

17.6 

8.4 

13.4 

2.5 

4.3 

6.0 

ao.6 

5.4 
12.5 
16.2 
15.0 

6.2 
26.8 

BuAeU, 
43.67 
35.91 
69.96 
29.78 
23  8 
30.77 
28.64 
28.78 
28.68 
33.42 
28.03 
27.04 
20.62 
33.22 
28.3 
28.84 

8 

Tobolsk 

8 

Si  xty-Day 

B 

Lincoln.  No.  151 

5 

White  Sehoenen,  No.  153 

4 

Bavarian,  No.  160 

4 

Banner,  No.  160 

S 

American  Triumph,  No.  102 

' 

5 

American  Beauty,  No.  163 

5 

North  Finnish  Black 

5 

Holstein  Prolific,  No.  158 

5 

Wide  Awake,  No.  154 

•  .  -  > 

5 

Abyssinian,  No.  155 

5 

Columbus,  No.  156 

58.6 
56.6 
28.0 

5 

Golden  Beautv,  No.  159 

5 

Belyak,  No.  10624 

1 

5 

1 

1 

_ 

It  is  seen  that  the  Swedish  Select  variety  yielded  better  than  any 
other  oat  except  the  Sixty-Day,  which  gave  a  much  better  average 
for  the  years  it  was  grown,  1901-1908.  During  these  same  years  the 
Swedish  Select  average  was  47.5  bushels,  while  59.96  bushels  was  the 

«  All  the  experiments  were  cooperative  between  this  Bureau  and  the  state  experi- 
ment station  and  were  undertaken  with  Prof.  E.  C.  Chilcott  (now  of  this  Bureau)  in 
charge  of  the  department  of  agronomy  at  the  state  station  and  were  continued  after- 
wards while  his  former  assistant,  Mr.  J.  S.  Cole,  was  in  charge  of  the  same  department. 
Early  in  1908  Prof.  C.  Willis  was  elected  to  this  position,  and  beginning  with  the 
season  of  1909  all  cooperative  experimenta  with  the  Office  of  Grain  Investigations  have 
been  concentrated  at  Highmore,  S.  Dak.,  with  Mr.  Manley  Champlin,  special  agent  of 
this  Bureau,  in  immediate  chaige. 
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SixtY-Day  average.  The  latter  is  already  to  a  large  extent  replacing 
the  former  in  eastern  sections  of  the  State.  Until  recently  the  Swedish 
Select  has  been  by  far  the  most  popular  oat  and  is  still  largely  em- 
ployed in  the  drier  districts.  It  is  an  attractive  oat,  because  of  the 
size  and  weight  of  its  kernel  and  its  usual  freedom  from  discoloration. 
The  Tobolsk  and  the  North  Finnish  Black,  standing  third  and  fourth 
in  rank,  respectively,  are  also  northern  varieties  adapted  to  cool,  dry 
seasons  and  high  plains.     (See  PL  II.) 

Tlu-ough  the  medium  of  the  state  experiment  stations  a  considerable 
distribution  of  seed  of  the  Swedish  Select  oat  was  made  to  farmers 
in  South  Dakota  and  North  Dakota.  Concerning  this  distribution 
in  South  Dakota,  Mr.  J.  S.  Cole  wrote  as  follows:  ° 

It  was  distributed  in  this  State  by  the  state  experiment  station  in  1901.  In  1902 
a  more  extensive  distribution  was  made,  and  §very  year  since  several  hundred 
bushels  have  been  sold  to  farmers  by  the  station.  In  the  western  part  of  the  State  it 
has  made  a  good  crop  in  years  when  the  common  varieties  were  a  total  failure,  but  in 
the  eastern  and  southeastern  p>ortions  of  the  State  in  years  of  excessive  moisture  it  is 
likely  to  grow  too  rank  and  to  be  damaged  by  rust.  It  is  no  more  subject  to  damage 
in  this  way,  however,  than  are  all  common  varieties  of  oats. 

At  the  branch  experiment  station  at  Highmore,  S.  Dak.,  the  Swe- 
dish Select  oat  was  grown  during  the  period  from  1903  to  1909, 
inclusive.**  Here  the  conditions  are  usually  severe  for  oat  growing, 
and  this  variety  gave  good  results  compared  with  others,  as  is  shown 
in  the  following  table: 

Table  V. —  Yield  to  the  acre  of  the  Swedish  Select  oat  compared  with  that  of  other  varieties 
grown  at  the  branch  experiment  station  at  Jlighmore,  S.  Dak.y  from  1903  to  1909 ^ 
inclusive. 


Variety. 


1903. 


Swedish  Select 

Sixty-Day 

KhersoQ. 

Red  Algerian 

Belyak 

Golden  Beauty 

American  B^uty . . 
American  Triumph . 

Columbus 

Lincoln 

I>anlsh 

Canadian 

HoLstein  Prolific... 

Abyistnian 

Wide  Awake 

White  Tartar 


Bu»h. 
38.1 
24.1 


1904.      1905. 


Btuh. 
54.4 

41.3 


Bxt9h. 
55.0 
G4. 1 


60.3 
52.5 


1906. 

1907. 

1908. 

Bu^h. 

Bmh. 

Buah. 

65.0 

30.8 

32.9 

»43.3 

31.5 

47.5 

69.7 

28.7 

45.8 

49.1 

21.8 

32.8 

55.6 

26.5 

21.3 

60.3 

20.5 

27.5 

47.8 

35.3 

25.3 

49.4 

31.5 

26.3 

52.5 

25.0 

28.1 

45.6 

30.6 

29.7 

46.3 

26.8 

30.3 

52.2 

23.4 

30.3 

48.8 

26.2 

22.5 

50.9 

25.3 

25.0 

42.5 

24.6 

28.9 

44.7 

26. 2 

25.0 

1909. 


Bush. 

36.6 
28.8 
21.9 
23.4 
22.8 
17.2 
20.3 
20.3 
16.3 
15.6 
15.0 
12.5 
17.8 
12.8 
10.6 
4.7 


Aver- 
age for 
4  years 
(1906- 
1909). 


.8 
5 

,8 


Bush.  , 
41.3  ' 
37 
41 
31 
31.6 
32.9 
32 
31 
30 
30.4 
29.6 
29.6 
28.8 
28.5 
20.  7 
2.5.  2 


Aver- 
age for 
5  years 
(1905- 
1909). 

Bush. 
44.1 
43. 1 


Aver- 
age for 
7  years 
(1903- 

1909). 

Bush. 
44.7 

40.2 


2 
9 
5 


37.5 
35.7 


♦  This  yield  of  the  Sixty- Day  oat  is  not  comparable  with  any  of  the  others  for  that  year,  a.s  it  wa."  grown 
after  aorghum,  whfle  all  the  others  were  grown  under  better  conditions.  Tliis  is  proved  by  the  fact  that 
the  Swedish  Select  was  duplicated  on  the  sorghum  ground  and  made  there  only  42.8  bushels  per  acre. 
However,  using  this  figure  the  7-year  average,  41.5  bushels,  thus  resulting  for  the  Swedish  Select  is  still 
somewhat  larger  than  that  for  the  Sixty- Day. 

"Bulletin  96,  SoUth  Dakota  Agricultural  Experiment  Station,  March,  1906,  p.  54. 

&The  tabulations  in  this  bulletin  usually  do  not  go  further  than  the  year  1908,  but 
there  are  so  few  years'  results  at  Highmore,  S.  Dak.,  that  it  seems  necennary  to 
include  here  the  year  1909. 
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18       TEN  years'  experience  WITH  THE  SWEDISH  SELECT  OAT. 

Taking  an  average  of  all  trials  in  each  case,  the  Swedish  Select 
variety  gave  the  best  yield,  though  the  Kherson  yielded  a  trifle 
better  in  the  4-year  average,  1906-1909.  The  yield  of  the  Swedish 
Select  at  Highmore  in  1903  was  not  quite  as  good  as  the  average 
oat  yield  throughout  the  State  (38.6  bushels),  because  of  severe 
drought  in  that  district.  Highmore  is  considerably  west  of  the  one 
hundredth  meridian,  where  it  is  ordinarily  very  dry  for  oats.  On  the 
other  hand,  in  1905  (a  wet  season)  and  1908  the  Sixty-Day  exceeded 
the  Swedish  Select  in  yields.  With  reference  to  the  crop  of  1903, 
Prof.  E.  C.  Chilcott  wTote  as  follows: 

It  is  worthy  of  note  that  at  the  driest  time  the  Swedish  Select  oat  appeared  to  be 
the  most  drought-resistant  grain  on  the  farm,  with  the  Minnesota  No.  6  Manchuria 
barley  a  close  second.    This  appearance  was  borne  out  by  the  yields  at  harvest  time. 

Washington. 

The  Swedish  Select  oat  was  grown  on  the  Washington  Agricul- 
tural Experiment  Station  farm  at  Pullman  during  three  seasons. 
In  1903  it  made  55  bushels  per  acre.  In  1904  it  yielded  86  bushels, 
in  comparison  with  82.5  bushels  as  the  highest  for  any  other  variety 
and  an  average  of  61.3  bushels  for  all  other  kinds.  In  1905  it  yielded 
53  bushels,  the  same  as  the  average  for  all  others,  while  it  was  ex- 
ceeded by  one  variety,  the  Sixty-Day,  wliich  yielded  84  bushels.  The 
average  3^iclds  for  the  State  during  these  years  were  47.9  bushels  in 
1903;  44.9  bushels  in  1904;  and  50  bushels  in  1905.  The  results 
reported  by  farmers  from  other  portions  of  the  State  where  the 
climate  is  drier  were  much  more  to  the  credit  of  the  Swedish  Select. 

Colorado. 

In  1900  the  Swedish  Select  oat  yielded  18  bushels  per  acre  at  the 
branch  experiment  station  at  Cheyenne  Wells,  Colo.,  where,  at  that 
time,  it  was  hardly  expected  that  any  cereal  crop  would  produce 
anything.  The  average  yield  of  this  variety  at  the  Colorado  Agri- 
cultural Experiment  Station,  at  Fort  Collins,  for  the  years  from  1905 
to  1907  was  88.4  bushels,  the  average  of  all  other  varieties  being 
86.8  bushels  for  the  same  period. 

Iowa. 

As  already  mentioned,  the  Swedish  Select  oat  is  adapted  particu- 
larly to  the  Northern  States.  Iowa  may  be  considered  as  a  transition 
area  between  the  northern  and  central  districts  (see  fig.  2).  As 
might  be  expected,  therefore,  this  oat  does  not  compare  quite  so  well 
with  other  varieties  in  that  State  as  farther  north,  but  nevertheless 
ranks  rather  high  in  acre  yields.  In  the  several  years'  experiments 
conducted  at  Ames  by  the  Iowa  Agricultural  Experiment  Station, 
some  results  of  which  were  published  by  Prof.  M.  L.  Bowman  in  a 
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'Seed  Oat  Special/'  it  was  found  to  stand  third  in  yield  among  six- 
*en  good  Tarieties  as  an  average  of  four  years'  trials,  1905-1908. 


The  following  is  a  tabular  statement  of  the  averajre  date  of  ripening, 
acre  jield,  and  weight  per  bushel  of  tlie  sixteen  varieties: 

Table  VI. — Ac<ragf  date  of  rliienint/.  c 
-"^'clfct  oat  compared  vilh  thiite  nf  Jijitei 
Ffjfrimfnl  Station Jroni  VJ''6  to  Vins, 


Vuriel)-. 

rli^nlilg. 

yipW  [*r 

bJi^ifl, 

li^l^'^Wi ::::: 

Jill;  J5 

July  :i4 
J  Illy  il 

July  2A 

iil  1 
iiil  1 

si.b 
ih.- 

45.3 

P 

•i'l  (ill 

^i^i^-"'-:;;;:; 

2s!i"l0 

Table  VI  .shows  that  only  two  varieties;,  the  Kherson  and  the 
Silver  Mme,  exceed  the  Swedish  vSclect  in  acre  yields,  and  only  three, 
the  \Mute  Alaska,  the  Kherson,  and  tlie  Sixty-Day,  exceed  it  bi 
wpif^ht  per  bushel.  It  may  be  considered,  therefore,  as  one  of  the 
bpst  varieties  for  Iowa,  but  not  absolutely  the  best. 


20       TEN   YEARS '  EXPEBIENCE  WITH   THE  SWEDISH  SELECT  OAT. 

•     Alaska. 

Under  the  direction  of  Prof.  C.  C.  Georgeson,  Special  Agent  in 
charge  of  the  Alaska  Agricultural  Experiment  Stations,  the  Swedish 
Select  oat  has  been  tested  at  one  or  more  points  in  Alaska  in  compe- 
tition with  other  varieties  during  the  entire  period  from  1900  to  1908, 
except  the  season  of  1901.  In  neariy  all  cases  it  either  partially  or 
fully  matured,  though  in  three  instances  it  appears  to  have  failed 
completely — at  Kenai  in  1903,  at  Sitka  in  1904,  and  at  Rampart  in 
1905.     In  two  of  these  instances  all  other  varieties  also  failed. 

The  weather  conditions  at  Copper  Center,  though  south  of  Rampart^ 
are  more  severe  than  at  the  latter  place,  and  cereals  have  usually  done 
better  at  Rampart.  Nevertheless,  the  Swedish  Select  oat  at  Copper 
Center  was  cut  for  seed  in  1904  and  gave  a  ^'good  average  crop,"  the 
plants  being  'Svell  filled."  The  plants  matured  also  in  1905  and 
partially  matured  in  1906  and  1907.  The  North  Finnish  Black,  an- 
other variety  introduced  by  this  Department,  is  the  only  one  that 
has  been  constantly  more  successful  than  the  Swedish  Select. 

The  specimen  of  the  Swedish  Select  oat  shown  in  Plate  I  was  grown 

at  Sitka  in  1903. 

Miscellaneous. 

In  some  other  States  entirely  outside  of  the  northern  oat  district^ 
such  as  Indiana  and  Ohio,  the  Swedish  Select  stands  still  farther 
removed  from  the  top  in  yieldmg  capacity  in  comparison  with  other 
kinds,  according  to  results  at  the  experiment  stations,  but  even  in 
those  States  gives  results  usually  considerably  better  than  the 
average. 

TRIALS    BY   FARMERS. 

While  the  tests  of  any  crops  made  by  farmers  are  not  likely  to  be  so 
accurate  as  a  rule  as  those  made  at  experiment  stations,  nevertheless 
more  satisfactory  information  may  often  be  obtained  from  such  tests 
because  of  their  greater  number  and  the  fact  that  they  represent  such 
a  variety  of  conditions  of  soil  and  climate.  The  s^'stem  of  securing, 
fding,  and  summarizing  reports  devised  in  the  Office  of  Grain  Investi- 
gations and  used  in  cooperation  v/ith  the  Office  of  Seed  and  Plant 
Introduction  and  Distribution  has  made  it  possible  to  obtain  a  great 
amount  of  interesting  information  concerning  this  new  oat  variety. 

It  may  be  of  value  to  the  reader  to  give  extracts  from  some  of  the 
most  important  reports  on  the  Swedish  Select  oat  received  from 
farmers. 

Washington. 

Mr.  Gilbert  Engbritson,  of  Edison,  Skagit  County,  Wash.,  80  miles 
north  of  Seattle,  wrote  as  follows  on  September  15,  1904: 

I  beg  to  make  a  second  report  to  your  Department  on  the  results  of  the  second  crop  of 
the  2  pecks  of  No.  9422  Swedish  Select  oats  mailed  to  my  address  February  16,  1903. 
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The  2  pecks  planted  in  1903  produced  the  seed  for  planting  7  acres  in  1904,  which  were 
thraahed  on  the  12th  instant,  yielding  1,050  bushels,  averaging  150  bushels  per  acre — 
a  remarkable  yield  of  bright,  heavy  oats  of  excellent  quality  which  has  attracted  the 
attention  of  the  entire  community. 

In  1906  ilr.  Engbritson  harvested  7,987  bushels,  yielding  126 
bushels  per  acre. 

Mr.  Anton  Lehnhoff,  of  Mount  Vernon,  Wash.,  bought  seed  from 

Mr.  Engbritson  and  in  19C3  obtained  a  crop  of  9,600  bushels,  at  the 

rate  of  90  bushels  per  acre,  wliile  other  varieties  on  the  same  farm 

made  75  bushels. 

Idaho. 

Mr.  F.  W.  Boehme,  of  Geneva,  Idaho,  has  been  a  very  successful 
coopcratorin  trials  of  different  cereals  received  from  this  Department. 
His  farm  lies  along  the  Thomas  Fork  of  the  Great  Bear  River,  in 
extreme  southwestern  Idaho,  at  an  elevation  of  8,000  feet.  On  De- 
cember 26,  1905,  he  wrote  the  following  statement: 

The  Swedish  Select  oats  yielded  1,988  pounds  from  61^  pounds  of  seed  (correspond- 
ing to  at  least  65  hushels  per  acre),  all  nice,  white,  and  heavy  grain. 

Clark  and  Haughton,  of  St.  Anthony,  Idaho,  thrashed  8,000  bushels 
of  the  Swedish  Select  in  1905,  yielding  65  bushels  per  acre.  Other 
oats  on  similar  soil  and  under  similar  treatment  yielded  45  bushels  per 
acre  and  weighed  5  pounds  less  per  measured  bushel. 

Mr.  J.  D.  Louis  grew  the  Swedish  Select  oat  2  years  at  St. 
Anthony,  Idaho.  In  1906  a  part  of  the  crop  was  irrigated  and  a  part 
not  irrigated.  A  yield  of  43 i  bushels  per  acre  was  obtained  on  the 
irrigated  land,  compared  \^'ith  35  to  40  bushels  produced  by  other 
varieties.  Another  unirrigated  field  of  9  acres  of  the  Swedish  Select 
yielded  at  the  rate  of  70  bushels  per  acre,  testing  40  pounds  to  the 
measured  bushel. 

In  1903  the  average  yield  of  the  Swedish  Select  oat  grown  by 
several  farmers  at  Blackfoot,  Idaho,  was  60  bushels  per  acre,  as 
reported  by  Prof.  H.  T.  French,  of  the  Idaho  Agricultural  Experi- 
ment Station. 

Colorado. 

Mr.  C.  H.  Morgan,  of  Norwood,  Colo.,  wrote  as  follows  on  Decem- 
ber 27,  1905: 

A  very  fine  early  oat  and  of  good  weight,  45  pounds  to  the  measured  bushel.  The 
2  bushels  you  sent  me  weighed  only  36  pounds  to  the  bushel;  therefore,  I  gained  9 
pounds  per  bushel  the  first  year. 

Mr.  Morgan  obtained  60  bushels  per  acre,  while  other  oats  made 
30  bushels.  In  1906  he  harvested  32  bushels  on  one-fourth  acre 
which  weighed  45  pounds  per  bushel,  while  other  varieties  yielded 
40  bushels  per  acre. 
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Mr.  T.  A.  Wright  grew  this  oat  two  years  at  Greenwood,  Colo. 
In  1906  he  obtained  one  bushel  of  oats  from  a  seeding  of  6^  quarts, 
and  in  1907  obtained  15  bushels  from  one-half  acre,  weighing  35 
pounds  to  the  bushel.  He  treated  his  oats  thoroughly  for  smut  pre- 
vention both  seasons. 

Mrs.  S.  B.  Walker,  of  Sedalia,  Colo.,  grew  the  Swedish  Select  oat 
two  years,  1906  and  1907,  beginning  with  a  very  small  quantity  of 
seed.  In  1907  the  total  number  of  bushels  thrashed  was  270,  and 
the  yield  per  acre  45  bushels.  The  highest  yield  made  by  any  other 
variety  was  30  bushels — the  Colorado  White.  3^Irs.  Walker  writes 
as  follows : 

There  is  no  irrigation  whatever  on  the  place,  and  I  am  endeavoring  to  bring  about 
strictly  dry-farming  cultivation,  most  of  the  so-called  dry  farming  in  the  vicinity 
being  simply  the  raising  of  crops  without  water  without  any  regard  to  previous  culti- 
vation and  preparation  of  land,  and  in  almost  every  instance  no  regard  is  paid  to  the 
dry  mulch. 

At  Lansing,  in  eastern  Colorado,  Mr.  A.  S.  Kester  grew  the  Swedish 
Select  oat  in  1903,  obtaining  a  very  small  yield  per  acre,  but  ex- 
plained it  as  follows: 

This  was  the  only  oat  thrashed  in  this  vicinity.  We  had  no  rain  all  summer.  The 
season  is  considered  the  driest  for  the  past  17  years  with  the  exception  of  1894. 

Of  the  crop  of  1904  Mr.  Kester  writes  the  following: 

Bushels  thrashed,  68;  yield  per  acre,  14  bushels.  The  oats  did  not  come  up  till 
the  first  week  in  May.  It  was  very  dry  here  in  early  spring  and  after  the  middle  of 
June. 

ilr.  J.  A.  Riedesel,  of  Idalia,  Colo.,  began  growing  the  Swedish 
Select  variety  in  1903  and  finally,  after  two  partial  failures,  ob- 
tained 300  bushels  in  1905,  that  is,  30  bushels  per  acre,  other  varie- 
ties yielding  25  bushels. 

Montana. 

Mr.  C.  H.  Austin,  of  Cascade,  Mont.,  obtained  62  bushels  per  acre 
in  1902,  when  other  kinds  of  oats  yielded  from  30  to  50  bushels.  He 
writes  as  follows: 

These  oats  had  no  irrigation,  nor  were  they  on  extremely  low  land.  We  treated 
them  for  smut  with  formalin  and  had  no  trace  of  smut. 

Mr.  W.  W.  Cook,  of  Chinook,  Mont.,  reports  as  follows  for  1903: 

Bushels  thrashed,  800;  yield  per  acre,  50  bushels,  weighing  48  pounds  per  bushel. 
These  are  the  finest  oats  I  ever  saw.  I  sent  a  sample  to  Bozeman  the  other  day  that 
weighed  over  50  pounds  per  measured  bushel. 

At  the  same  place,  the  same  season,  Mr.  Rudolph  Hermes  thrashed 
900  bushels,  yielding  64  bushels  per  acre. 
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Mr.  T.  L.  Black,  of  Whitehall,  Mont.,  obtained  80  bushels  per 
acre  in  1904,  weighing  from  42  to  45  pounds  per  bushel.  His 
remarks  concerning  the  variety  are  as  follows: 

This  oat  has  proved  to  be  extra  early  for  me,  and  I  consider  it  of  great  value  in  locali- 
ties where  water  runs  short  for  a  second  irrigation.  The  water  was  applied  June  20. 
I  also  find  that  1^  bushels  of  seed  per  acre  give  better  results  when  water  is  only 
available  for  one  irrigation.  Should  be  sown  from  April  1  to  10  when  the  above- 
mentioned  conditions  prevail. 

Mr.  J.  J.  Patterson,  of  Truly,  Mont.,  obtained  90  bushels  per  acre 
in  1904  and  reports  a  weight  of  52  pounds  per  measured  bushel. 

At  Bozeman,  Mont.,  Mr.  Jacob  Carolus  obtained  1,600  bushels  of 

the  Swedish  Select  oat  on  high  land  without  irrigation,  the  yield  being 

40  bushels  per  acre. 

Michigan. 

Mr.  Marvin  Babbitt,  of  Merson,  Mich.,  reports  as  follows  concern- 
ing his  crop  of  1903: 

Yield  per  acre,  48  bushels;  quality  of  grain,  excellent;  average  yield  of  other  kinds 
in  the  same  locality,  about  30  bushels.  The  Swedish  Select  is  decidedly  the  best 
grown  in  this  locality.  It  is  very  plump  and  seems  to  possess  all  the  properties  an 
oat  should  have. 

Mr.  B.  F.  Beckwith,  of  St.  Clair,  Mich.,  obtained  80  bushels  per 
acre  in  1905,  when  other  oats  in  the  locality  yielded  only  30  bushels. 
He  writes  as  follows : 

As  I  sowed  the  sample  in  1904  I  think  it  was  rather  a  remarkable  yield,  considering 
the  average  yield  of  oats  in  this  vicinity.  If,  when  it  becomes  acclimated,  it  does 
half  as  well  it  will  be  remarkable. 

In  1906  the  yield  per  acre  was  40  bushels,  while  other  varieties  on 
the  same  farm  made  20  bushels.  In  1908  occurred  the  greatest 
drought  for  many  years.  Even  that  season  the  Swedish  Select 
yielded  40  bushels  per  acre. 

Mr.  James  S.  Bailey,  of  East  Paris,  Mich.,  at  the  end  of  four  years' 
trial  writes  the  following: 

I  think  these  are  the  best  oats  that  I  have  raised,  and  I  shall  sow  mostly  the  Swedish 
Select  this  next  year. 

In  1906  Mr.  Bailey's  crop  was  193  bushels,  a  yield  at  the  rate  of  37 
bushels  per  acre. 

Mr.  R.  D.  Morrison,  of  Merle  Beach,  Mich.,  grew  the  Swedish 
Select  oat  during  the  years  from  1906  to  1909,  getting  an  average  acre 
yield  of  32.6  bushels.     He  writes  concerning  the  1907  crop  as  follows: 

I  raised  these  oats  in  the  same  field  as  I  did  some  Big  Four  oats  and  sowed  them 
(the  former)  2  weeks  later,  but  they  were  ripe  about  the  same  time. 

In  1908  the  yield  per  acre  was  35  bushels,  while  an  adjoining  field 
of  another  variety  made  20  bushels  per  acre. 
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South  Dakota. 

Mr.  H.  C.  Warner,  of  Forestburg,  S.  Dak.,  found  the  Swedish 
Select  to  be  the  best  variety  out  of  fifty-four  under  trial  on  his  farm. 
In  1905  it  yielded  75  bushels  per  acre,  while  other  varieties  made  50 
bushels. 

This  oat  was  grown  by  Mr.  G.  A.  Grant  at  Sherman,  S.  Dak.,  dur- 
ing 1906,  1907,  and  1908.  In  the  second  year  he  obtained  a  crop  of 
913  bushels,  averaging  40  bushels  per  acre.  In  1908  the  acre  yield 
was  the  same  and  the  total  production  2,453  bushels.  The  only  other 
variety  grown  on  the  same  farm  was  the  Sixty-Day,  also  introduced 
by  this  Department,  which  yielded  40  bushels  per  acre. 

Mr.  J.  E.  Behnke,  of  Beresford,  S.  Dak.,  grew  the  Swedish  Select 
oat  7  years,  1903  to  1909,  but  no  report  is  at  hand  of  his  1906  crop. 
For  the  other  6  years  his  average  yield  per  acre  was  40.5  bushels, 
the  separate  yields  being  for  1903,  30  bushels;  1904,  55  bushels;  1905, 
48  bushels;  1907,  50  bushels;  1908,  25  bushels;  and  1909,  35  bushels. 
Yields  of  other  varieties  for  certain  years  were  as  follows:  1903,  28 
bushels;  1904,41  bushels;  1905,35  bushels;  and  1908,  20  bushels. 

Prof.  J.  H.  Shepard,  of  Brookings,  S.  Dak.,  in  addition  to  his  official 
experience  with  introduced  grains  obtained  through  this  Department, 
has  taken  much  interest  in  a  private  wa\"  in  trials  on  his  own  land  of 
some  of  the  best  varieties.  He  states  his  experience  with  the  Swedish 
Select  as  follows: 

I  sowed  some  on  corn  ground,  some  on  manured  land,  and  some  on  very  rich  ground. 
My  findings  are  aa  follows:  Remember  the  season  (1905)  was  excessively  wet.  Afier 
barley  and  after  oats  I  got  a  good  stand ;  the  oats  did  not  go  down  and  the  berries  were 
plump  and  heavy.     The  same  is  true  after  wheat. 

On  rich  ground  the  oats  lodged  some  in  patches,  but  they  all  filled.  On  heavily 
manured  land  they  went  down  in  patches  and  they  filled  well,  except  where  the  lodged 
places  occurred.  On  corn  ground  they  lodged  more,  but  not  enough  t<^  prevent  filling 
in  the  lodged  places.  On  no  kind  of  ground  did  they  all  go  down,  but  in  patches  only. 
I  believe  that  had  the  season  been  dry  I  would  have  had  no  lodged  oats  on  any  of  these 
places  and  that  the  quality  of  the  oats  would  have  been  all  that  could  be  desired. 
Naturally  enough,  the  higher  the  ground  the  better  the  oats  were  during  the  past  wet 
season.     During  dry  seasons  they  might  be  sown  on  low  land. 

The  record  of  yields  this  year  (1906)  was  somewhat  lower  than  last,  owing  to  my  ex- 
perimenting under  different  conditions  and  also  to  the  fact  that  a  slight  hailstorm 
ruined  many  berries  when  they  were  just  coming  into  milk.  My  yield  this  year  was 
65  bushels  per  acre,  last  year  75  bushels,  while  under  the  best  conditions  on  our  experi- 
mental grounds  the  yield  rose  to  84  bushels  per  acre.  But  the  most  remarkable  thing 
to  my  mind  is  that  on  my  old  land,  which  had  been  systematically  robbed  by  25  years 
of  wheating,  the  best  yield  of  oats  I  ever  could  get  was  40  bushels  of  White  Russian  oats, 
and  I  never  equaled  that  figure  with  any  other  kind,  and  I  tried  all  I  could  get.  The 
first  year  tiie  Swedish  Select  jumped  immediately  up  to  75  bushels,  while  the  station 
has  shown  that  this  is  by  no  means  the  limit.  I  sowed  but  2  bushels  and  1  peck  per 
acre,  as  they  are  heavy  stoolers,  but  believe  that  heavier  seeding  will  increase  the 
yield. 
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Moreover,  the  analyses  of  these  oats,  as  made  in  my  laboratories,  show  them  to  be 
exceptionally  rich  in  protein.  It  is  for  these  reasons  that  we  consider  them  to  be  the 
best  all-around  oats  for  the  Dakotas.    They  mature  in  about  108  days. 

New  York. 

An  interesting  6-year  trial  of  the  Swedish  Select  oat  was  made  by 
Mr.  S.  J.  Smith  at  Manchester,  N,  Y.,  beginning  in  1903.  His  yields 
per  acre  were  84  bushels  in  1903,  80i  bushels  in  1904,  70  bushels  in 

1905,  75  bushels  in  1907,  and  60  bushels  in  1908,  or  an  average  for 
these  five  years  of  73.9  bushels.     No  report  is  received  for  the  year 

1906.  The  average  yield  of  other  varieties  on  the  same  and  adjoining 
farms  for  the  yedrs  from  1903  to  1905  was  60  bushels,  and  the  average 
yield  for  the  State  of  New  York  for  the  period  from  1903  to  1908  was 
32.6  bushels.     Mr.  Smith  comments  on  his  results  as  follows: 

(1903. )  A  month  of  very  hot,  dry  weather  retarded  a  good  start .  One  niarke<l  feature 
of  the  oat  is  its  uniform  berry. 

(1904.)  Our  men  thought  more  seed  sown  would  have  increased  the  (Top  to  90  bush- 
els per  acre  (2  bushels  per  acre  were  sown).  Potatoes  were  grown  on  the  land  the  pre- 
vious year.    The  soil  was  fairly  fertile. 

(1905.)  The  oats  were  grown  on  land  that  had  not  been  clovered  or  fertilized  for  10 
years,  and  wet  weather  made  a  lumpy  seed  bed.  On  another  farm  this  oat  outyielded 
two  other  kinds  20  bushels  per  acre. 

(1907.)  Have  discontinued  growing  the  Sixty-Day  oat.  It  is  too  light  and  the  color 
is  not  satisfactory.  The  Swedish  Select  forwarded  to  us  by  you  in  1903  is  an  ideal  oat 
in  every  way.    Can  not  grow  enough  to  supply  our  seed  trade. 

(1908.)  It  has  produced  fine  crops  and  the  very  best  farmers  have  (rontinued  growing 
this  variety.  It  is  well  adapted  to  clay  soil.  Last  year  our  sales  were  about  4,000 
bushels,  and  we  could  have  sold  many  carloads  at  good  prices  if  we  had  had  the  supply. 

Wisconsin. 

As  already  mentioned,  the  most  extensive  series  of  tests  of  the  Swed- 
ish Select  oat  by  farmers  was  made  in  Wisconsin.  These  tests  were 
rendered  all  the  more  thorough  and  accurate  through  the  important 
part  taken  by  members  of  the  Wisconsin  Agricultural  p]xperiment 
Association.  There  are  now  in  this  office  reports  on  this  oat  for  both 
1904  and  1905  from  more  than  two  hundred  cooperators  in  Wiscon- 
sin. A  number  of  these  have  sent  reports  for  other  years  also. 
Very  brief  extracts  are  here  reproduced  from  some  of  the  most 
instructive  of  these  reports. 

Mr.  A.  D.  Larson,  of  Waupaca,  Wis. : 

(1904.)  The  Swedish  Select  proves  to  be  very  well  adapted  to  our  soil  and  climate. 
It  is  by  far  the  best  yielder  and  of  good  quality.  Yield  per  acre,  57  bushels.  Ameri- 
can Banner,  40  bushels. 

(1905.)  The  soil  on  which  I  sowed  the  oats  has  bee;i  cropped  continuously  for  12 
years  without  any  fertilizer  or  clover  seeding,  yet  the  Swedinh  Select  did  very  well. 
Yield  per  acre,  28  bushels.    Average  yield  of  other  varieties,  20  bushels. 
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Mr.  Joseph  Reich,  of  East  Gibson,  Wis.: 

• 

(1904.)  The  oats  ripened  earlier  than  other  oats  of  this  vicinity,  which  had  some 
smut  and  were  more  affected  by  the  rust  in  general.  Yield  per  acre,  86  bushels. 
Quality  of  grain,  extra  good.  Average  yield  per  acre  of  other  kinds  in  the  same  lo- 
cality, 50  to  60  bushels. 

(1905.)  I  must  say  that  this  oat  has  a  tendency  to  lodge  in  our  locality.  I  would 
have  thrashed  at  least  75  bushels  if  none  had  lodged,  but  I  had  to  cut  about  half  of  it 
for  hay.  It  ripens  a  week  or  10  days  earlier  than  our  other  varieties.  Yield  per 
acre,  55  bushels.  Quality  of  grain,  extra  good.  Average  yield  of  other  kinds  in  same 
locality,  35  to  40  bushels. 

Mr.  II.  W.  Kent,  of  Rusk,  Wis.: 

( 1904 . )  The  oats  were  cut  a  little  green  because  of  the  rust  and  lodging.  This  variety 
does  better  than  other  varieties  grown  here.  Yield  per  acre,  45  busheb.  Quality  of 
grain,  average.     Average  yield  per  acre  of  other  kinds  in  same  locality,  40  bushels. 

(1905.)  This  oat  does  better  on  light  soil  than  on  heavy.  Yield  per  acre,  40  bush- 
els. Quality  of  grain,  good.  Average  yield  of  other  kinds  in  the  same  locality,  30 
bushels. 

Mr.  J.  W.  Stevenson,  of  Rice  Lake,  Wis. : 

(1904.)  I  consider  it  a  very  good  variety  for  this  locality,  being  a  good  yielder  and 
standing  up  well.  Yield  per  acre,  50  bushels.  Average  yield  of  other  kinds,  45 
bushels. 

(1905.)  The  Swedish  Select  for  the  last  3  years  has  yielded  about  10  bushels  more 
per  acre  than  other  varieties  I  have  grown,  and  I  think  it  is  superior  for  feeding  pur- 
pones.    Yield  of  other  varieties  in  same  locality,  25  bushels. 

Mr.  A.  C.  Ilagastad,  of  Etrick,  Wis.: 

(1904.)  The  ground  was  a  mixed  clover  and  timothy  sod,  and  one  of  the  lowest 
and  worst  fields  we  have  for  lodging.  When  the  crop  was  4  to  6  inches  high  we  had 
about  one  week  of  cold,  rainy  weather,  which  set  it  back  for  a  long  time.  It  ripened 
several  days  ahead  of  our  Siberian  oat.  It  is  a  heavy  yielder,  the  kernels  are  laige 
and  plump.  Will  sow  all  Swedish  Select  next  year.  Yield  per  acre,  70  busheb. 
Quality  of  grain,  No.  1.    Average  yield  of  other  kinds  in  same  locality,  60  bushels. 

( 1905.)  The  straw  is  heavy  and  stiff,  so  will  not  lodge  easily  on  rich  soil.  On  lighter 
soil  the  straw  Ls  not  .^o  large  but  heads  out  good.  Yield  per  acre,  66  bushels.  Quality 
of  grain,  Xo.  1 .     Average  yield  of  other  kinds,  50  to  60  bushels. 

Mr.  Clarence  Jordalen,  of  Stoughton,  Wis.: 

(1904.)  Am  very  well  pleased  with  the  Swedish  Select  oat.  I  like  it  because  it  is 
a  grwiter  yielder  than  the  other  oats  1  have  raised.  It  has  a  very  stiff  straw  and  will 
not  hxlgo  v«»ry  (juirkly.  Yield  per  acre,  60  bushels.  Quality  of  grain,  fairly  good. 
Average  yield  of  other  kinds  in  same  l(K*ality,  35  bushels. 

(190r).)  The  variety  seems  to  be  adapted  to  this  part  of  the  country,  for  all  who  try 
it  meet  with  success  and  gmw  no  other  kinds.  Yield  per  acre,  62  bushels.  Quality 
of  grain,  exceedingly  gcKxi;  plump  and  heavy.  Average  yield  of  other  varices  in 
siime  locality,  30  bushels. 

Mr.  John  E.  Charley,  of  Ellsworth,  Wis.: 

(IJKM.)     I  am  sorry  to  say  tliat  this  oat  is  not  liked  here.     I  had  it  two  years,  but 
did  not  sell  one  bit  of  it  for  seed .     The  straw  is  too  coarse  and  the  hull  is  too  thick.    We 
have  had  the  Lincoln  and  Silver  Mine. 
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Mr.  P.  J.  Bonzelet,  of  Eden,  Wis.: 

(1905.)  This  is  the  beet  oat,  all  things  considered,  that  I  have  ever  seen.  Yield 
per  acre,  60  bushels.  Quality  of  grain,  good.  Average  yield  of  other  varieties,  35  to 
40  bushels. 

Mr.  Edward  Martin,  jr.,  of  De  Pere,  Wis.: 

(1904.)  This  oat  is  of  the  finest  quality  I  have  ever  seen.  It  will  weigh  about  40 
pounds  to  the  bushel.    When  I  seeded  last  spring  it  averaged  108  pounds  to  the  sack. 

Mr.  F.  H.  Williams,  of  Whitewater,  Wis.: 

(1905.)  I  am  not  at  all  pleased  with  the  Swedish  Select  oat.  Have  tried  it  2  years 
with  about  the  same  result.  It  does  not  yield  good,  crinkles  down  as  soon  as  it  begins 
to  ripen,  and  has  a  very  thick  hull.  One  of  my  neighbors  had  20  acres  on  good  prairie 
soil  that  only  yielded  about  30  bushels  per  acre.  Another  got  a  yield  of  23  bushels  per 
acre.  Yield  per  acre,  25  bushels.  Quality  of  grain,  good;  very  thick  hull.  Yield 
per  acre  of  American  Banner,  same  locality,  40  bushels. 

Mr.  J.  W.  Raven,  of  Bloomer,  Wis,: 

(1904.)  Those  that  see  the  oats  want  seed.  It  is  the  best  we  have  ever  raised.  A 
common  grain  sack  holds  105  to  120  pounds.  Will  have  seed  grown  from  100  acres  to 
sell  next  year.  Yield  per  acre,  40  bushels.  Quality  of  grain,  No.  1.  Aversige  yield 
of  other  varieties,  35  bushels. 

Mr.  John  Patterson,  of  Cumberland,  Wis.: 

(1904.)  I  have  grown  this  oat  for  2  years  and  will  say  that  while  the  yield  is  very 
good  the  quality  is  extra  good  and  it  ripens  from  10  days  to  2  weeks  before  any  other 
variety  and  about  4  weeks  before  the  side  oats,  which  is  the  latOHt  kind  we  have  here. 
All  the  Swedish  Select  I  grew  last  year  I  sold  for  seed,  and  what  I  have  grown  this 
year  will  be  sold  for  seed.  Yield  per  acre,  68  bushels.  Average  yield  of  other  vari- 
eties on  same  farm,  55  bushels. 

Mr.  H.  S.  Pomroy,  of  Edgerton,  Wis. : 

(1904.)  I  did  not  keep  a  record  of  this  variety,  but  found  it  not  nearly  as  good  as 
common  white  oats  grown  next  to  it  under  the  same  conditions.  I  shall  not  try  it  next 
season. 

Mr.  C.  A.  Peterson,  of  Cambridge,  Wis.: 

(1904.)  The  Swedish  Select  is  superior  to  other  varieties  in  even  stand,  earliness, 
heavy  kernel,  and  trueness  to  type.  Yield  per  acre,  58  bushels.  Quality  good. 
Average  yield  of  other  varieties,  26  to  30  bushels. 

Mr.  H.  R.  Moldenhauer,  of  Ijebanon,  Wis.: 

(1904.)  The  Swedish  Select  is  the  best  oat  ever  raised  in  this  country.  All 
other  varieties  had  very  much  rust,  this  oat  not  enough  to  mention.  The  berry  is 
plump,  and  the  yield  is  more  than  double  that  of  other  crops.  Yield  per  acre,  75 
bushels.  Quality  very  good.  Average  yield  of  other  varieties,  30  bushels,  and  poor 
at  that. 

Mr.  A.  J.  Moe,  of  Midway,  Wis.: 

(1904.)    The  variety  is  a  fair  yielder,  stands  up  well,  weiglis  heavy,  and  ripens 
about  2  weeks  earlier  than  other  kinds.    Yield  per  acre,  40  bushels.     Quality,  fine  and 
plump.    Average  yield  of  other  kinds,  25  to  30  bushels. 
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Mr.  Reuben  Holmgreen,  of  Black  River  Falls,  Wis.: 

(1904.)  My  Swedish  Select  was  the  best  of  three  kinds.  Yield  per  acre,  70  bushels. 
Quality  of  grain,  No.  1.    Average  yield  of  other  varieties  in  same  locality,  40  busheb. 

Mr.  W.  S.  Hood,  jr.,  of  Franksville,  Wis.: 

(1904.)  People  who  saw  the  Swedish  Select  claim  it  was  as  nice  an  oat  as  they  had 
ever  seen  and  wished  me  to  save  seed  for  them.  The  kernel  has  a  large  meat  and  thin 
shuck.  Yield  per  acre,  50  bushels.  Quality  of  grain  good.  Yield  per  acre  of  Silver 
Mine  oat,  40  bushels. 

Mr.  IL  D.  Griswold,  of  West  Salem,  Wis.: 

( 1904 . )  Other  oats  adjoining  the  Swedish  Select  on  the  same  farm  yielded  48  bushels 
per  acre,  while  the  latter  yielded  61  bushels.  Many  fields  of  other  varieties  yielded 
only  30  bushels. 

Mr.  G.  R.  Downer,  of  Apple  ton,  Wis.: 

(1904.)  This  is  the  third  year  I  have  grown  this  oat,  and  I  like  it  better  than  any  I 
have  ever  tried.  Yield  per  acre,  63  bushels.  Quality  good.  Average  yield  of  other 
varieties,  50  bushels. 

Mr.  John  Dougan,  of  Beaver  Dam,  Wis. : 

(1904.)  The  only  fault  I  can  find  with  this  variety  is  that  the  hulls  are  rather  thick 
and  tough.  Yield  per  acre,  50  bushels.  Average  yield  of  other  \'arietie8,  about  40 
bushels. 

Mr.  C.  R.  Blodgett,  of  Marshfield,  Wis.: 

(1904.)  The  best  oat  I  have  ever  used  in  this  locality,  and  I  try  to  get  the  best. 
Yield  per  acre,  96  bushels.  Quality  good.  Average  yield  of  other  varieties,  65 
bushels. 

Mr.  J.  W.  Kaiser,  of  Foxlake,  Wis. : 

(1904.)  I  was  very  much  pleased  with  this  variety.  I  had  15  acres  this  year  and 
harvested  700  bushels  of  the  best  oats  in  this  part  of  the  country.  Other  varieties 
averaged  from  15  to  35  bushels  per  acre. 

Some  conflict  may  be  noted  in  these  reports  in  respect  to  the  lodg- 
ing of  the  Swedish  Select  oat.  This  may  be  because  of  local  differ- 
ences in  soil  conditions  or  "lay  of  the  land,'*  or  more  often,  perhaps, 
because  of  different  previous  experiences  \vith  other  varieties.  This 
oat  is  known  to  lodge  badly  on  low  rich  ground.  At  the  same  time, 
some  other  varieties  may  lodge  worse.  There  is  also  a  difference  in 
opinion  as  to  the  thickness  of  the  hull.  This  variety  is  probably  not 
far  from  the  average  in  tliis  respect,  so  the  hull  may  appear  thick  or 
thin  to  the  grower,  depending  on  the  varieties  he  has  formerly  grown. 

Miscellaneous. 

Mr.  J.  M.  Maher,  of  Fremont,  Nebr.,  writes  as  follows  concerning 
his  crop  of  1905: 

It  wart  drilled  in  on  April  25  on  cornstalk  ground  that  was  disked  over  twice  and  not 
plowed,  and  was  harvested  July  20,  and  was  stacked  and  thrashed  October  18.    It 
yielded  680  bushels  on  10  acres,  or  68  bushels  per  acre.     It  was  well  matured  when  I 
cut  it,  but  it  never  broke  down  like  the  other  kinds  of  oata  I  had  alongside  of  it. 
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* 

At  Odebolt,  Iowa,  in  1904,  the  yields  of  ordinary  oats  were  40  to  45 
bushels  per  acre,  w^hile  the  Swedish  Select  yielded  from  50  to  60 
bushels.     Mr.  J.  A.  Cranston,  of  that  place,  writes  as  follows: 

These  oats  ripened  about  5  days  earlier  than  common  oats. 

L.  and  H.  Goeppinger  grew  the  Swedish  wSelect  variety  for  3  years 
at  Boone,  Iowa,  and  in  1906  harvested  789  bushels,  making  an  aver- 
age yield  of  43  bushels  per  acre,  compared  with  36  bushels  produced 
by  other  oats.  This  is  especially  good,  inasmuch  as  in  recent  years 
there  have  been  wet  seasons  in  that  region  which  are  particularly 
unfavorable  to  this  variety. 

i£r.  A.  W.  Edson,  of  Austin,  Minn.,  writes:  "In  this  vicinity  oats 
had  to  be  planted  in  soil  too  wet."  Yet,  in  his  second  year's  trial  of 
the  Swedish  Select  (1906)  it  yielded  52  bushels  per  acre,  compared 
with  40  bushels  produced  by  other  varieties.  In  1907  the  yield  was 
23  bushels  per  acre,  other  varieties  averaging  18  bushels. 

At  North  Water  Gap,  Pa.,  Mr.  Luther  Michael  obtained  a  yield  of 
129  bushels  per  acre  with  the  Swedish  Select  in  1904.  In  his  report 
he  makes  the  following  statement: 

Quality  of  grain,  first  class.  Average  yield  per  acre  of  other  oats  in  the  same  local ity> 
40  bushels.  The  Swedish  Select  made  a  very  rapid  growth  from  the  start  and  ripened 
10  days  earlier  than  any  other  variety  in  this  section  sowed  at  the  same  time.  It  is  the 
best  oat  I  ever  grew. 

Mr.  M.  B.  Smith  grew  the  oat  at  Belfast,  Me.,  in  1903,  and  reports 
as  follows: 

Sown  broadcast  and  liarrowed  in  (would  have  done  better  drilled).  Yield  per  acre, 
65  to  70  bushels.  Quality  of  grain,  best  I  ever  saw.  Yield  per  acre  of  other  kinds  in 
aame  locality,  45  to  50  bushels.  It  was  said  by  farmers  who  saw  it  that  it  was  stouter 
and  of  better  quality  than  any  other  grain  they  had  ever  seen  raised  in  that  country. 

INTERESTING   INDIVIDUAL  TRIAL. 

.  The  most  interesting  case  of  success  with  the  Swedish  Select  oat  is 
that  of  the  trial  by  Mr.  David  Jones,  of  Brandon,  Wis.  In  the  early 
spring  of  1899  his  son,  Prof.  L.  R.  Jones,  of  the  University  of  Ver- 
mont, during  a  brief  visit  to  the  United  States  Department  of  Agri- 
culture, obtained  36  kernels  of  this  oat  from  an  exhibition  sample  and 
sent  them  to  Mr.  David  Jones.  These  were  planted  that  same  spring, 
and  we  have  the  following  account  from  Prof.  L.  R.  Jones  of  the 
behavior  of  the  variety  from  that  time  forward : 

Each  seed  was  planted  by  itself,  6  inches  apart.  Thirty-three  of  the  seeds  grew, 
making  a  strong  stand  and  yielding  1  f  pounds  of  grain.  The  next  year,  1900,  all  of  the 
IJ  pounds  was  sown  in  drills,  but  no  further  attention  was  given  it.  Unfortunately, 
the  grain  was  invaded  and  trampled  down  in  midsummer,  and  so  did  not  have  a  chance 
to  develop  a  full  crop.  The  yield  was  approximately  1  bushel.  The  third  year,  1901, 
this  bushel  was  sown  broadcast  on  one-half  acre  and  no  special  care  given  to  it.  The 
yield  was  40  busheb  of  grain  by  measure,  weighing -40  pounds  per  measured  bushel, 
producing,  therefore,  50  bushels  by  weight  at  32  pounds  per  bushel. 
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In  1902  about  5  bushels  of  this  seed  were  given  to  each  of  three  other  persons.  None 
of  their  crop  was  saved  as  seed  and  no  record  is  available  of  their  yields.  Mr.  Jones 
sowed  about  35  bushels  on  12  acres.  This  yielded  900  measured  bushels,  weighing  40 
pounds  per  bushel,  which  by  weight  would  amount  to  1,125  bushels.  The  yield  was, 
therefore,  93  bushels  per  acre  by  weight.    All  of  this  crop  was  saved  for  seed. 

In  the  fifth  year,  1903,  about  750  bushels  of  Mr.  David  Jones's  crop  wore  used  by 
him  or  sold  in  his  immediate  neighborhood  for  seed.  The  only  exact  available  record 
for  the  season  is  that  Mr.  F.  E.  Jones  sowed  20  bushels  on  10  acres  and  obtained  a  crop 
of  780  bushels  by  measure,  weighing  40  pounds  per  measured  bushel,  making,  there- 
fore, a  yield  by  weight  of  975  bushels,  or  at  the  rate  of  97.5  bushels  per  acre.  It  would 
be  a  safe  estimate  to  say  that  20,000  bushels  were  produced  from  this  seed  in  1903. 

Mr.  David  Jones  has  taken  much  interest  in  work  of  this  kind, 
which  has  not  only  been  of  much  public  benefit,  but  has  always 
resulted  very  profitably  to  himself  because  of  his  careful  selection  of 
seed  and  the  manner  in  which  the  crop  has  been  handled.  He  has 
done  similar  thorough  work  with  other  varieties  of  oats,  one  of  which, 
the  Sixty-Day,  was  also  introduced  by  this  Department. 

RECENT  REPORTS. 

Many  of  the  preceding  reports  were  written  several  years  ago.  The 
following  reports  are  more  recent  and  give  a  good  idea  of  present  con- 
ditions in  Wisconsin  with  respect  to  this  oat. 

Ml'.  II.  F.  Kramer,  of  Bloomer,  Chippewa  County,  Wis. : 

It  gives  me  pleasure  to  testify  to  the  merits  of  Swedish  Select  oate,  which  I  have 
grown  for  the  past  6  years,  for  they  have  surpassed  any  of  the  other  varieties  tried  in 
this  locality  in  appearance,  weight,  large,  plump  kernels,  early  maturity,  and  a  strong 
straw.  WTiile  attending  the  short  course  in  agriculture  during  the  winter  of  1902,  1 
saw  these  oats  for  the  first  time.  They  appeared  to  be  so  much  better  than  any  others 
that  I  determined  to  secure  some  for  seed,  and  was  one  of  the  first  to  apply  when 
Professor  Moore  offered  them  to  the  experiment  association  for  trial.  The  plat  of 
ground  on  which  they  were  sown  was  a  good  fertile  soil,  and  the  growing  oats  had  a 
t'hrifty  and  healthy  appearance  all  summer.  When  ready  to  harvest  the  oats  aver- 
aged about  5  feet  in  height.  The  80  pounds  of  seed  which  I  had  secured  yielded  56 
measured  bushels,  or  70  by  weight.  The  season  of  1903  was  an  unfavorable  one  to  the 
growth  of  oati^,  but  they  led  all  others  that  I  noticed.  Even  this  last  summer  of  1907, 
the  poorest  in  years,  the  Swedish  oats  are  ahead  at  least  5  bushels  per  acre,  and  in 
quality  also.  One  more  feature,  they  are  practically  free  from  smut  and  very  easily 
kept  so.  I  have  tried  both  broadcast  seeder  and  the  drill  with  2J  bushels  to  3i  bushels 
per  acre,  but  find  that  3  bushels  sown  with  a  drill  produces  the  best  results.  I  have 
had  a  ready  sale  for  all  that  I  have  grown,  in  fact,  never  had  enough  to  fill  all  of  the 
orders  I  receive  for  seed.  After  shipping  seed  to  various  parts  of  the  countrj',  both 
by  carload  and  in  small  lots,  I  have  yet  to  hear  the  first  complaint.  To  sum  it  all  up, 
they  do  well  and  take  wherever  tried. 

Mr.  Fred  G.  Stroup,  of  Fond  du  Lac,  Fond  du  Lac  County,  Wis.: 

The  land  on  which  the  oatvS  were  sown  was  black  prairie  soil  which  sloped  to  the 
west  with  good  natural  drainage.  The  land  had  had  corn  on  it  the  year  before.  From 
the  4  acres  we  thrashed  180  bushels,  machine  measure,  or  45  bushels  per  acre.  The 
other  oata  that  we  raised  that  year  in  the  sajne  field,  following  the  same  crop,  yielded 
52  bushels,  machine  measure,  but  were  sown  2  bushels  per  acre,  while  the  Swedisb 
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Select  were  sown  1  bushel  per  acre.  We  consider  that  the  Swedish  Select  oats  did 
considerably  the  best  and  have  grown  them  exclusively  during  the  past  3  years.  We 
have  had  them  yield  as  high  as  75  bushels  per  acre  by  weight.  We  have  sold  this  va- 
riety quite  extensively  for  seed  to  farmers  living  in  our  neighborhood,  and  there  is 
not  a  single  case  where  it  did  not  do  better  than  the  other  varietie.**.  The  neighboring 
fanners  have  been  loud  in  their  praise  of  the  Swedish  Select  oats. 

Mr.  H.  E.  Rosenow,  of  Oconomowoc,  Waukesha  County,  Wis.: 

We  have  been  growing  the  Swedish  Select  oats  for  the  past  4  years  with  satinfa^'tory 
results  as  compared  with  other  varieties,  although  we  have  at  no  time  had  an  extra 
hea\y  crop.  Comparing  the  yield  with  a  variety  of  yellow  oat  grown  for  several  years 
past,  we  have  found  the  Swedish  to  yield  a  few  bushels  more  jwr  acre  when  grown  in 
the  same  field;  both  varieties  seemed  to  be  affected  about  equally  with  rust,  and  during 
the  past  3  years  the  rust  has  no  doubt  lowered  the  yield  considerably.  The  Swedish 
oats  also  lodged  quite  badly  nearly  every  year,  but  all  other  grain  also  went  down,  and 
thus  it  can  not  be  said  that  some  other  variety  has  a  stiffer  straw,  as  they  all  seemed 
to  be  treated  alike  during  some  of  our  heavy  storms,  but  I  believe  if  the  Swedish  is 
given  a  feiir  chance  it  will  stand  up  with  any  other  variety  grown.  It  has  a  somewhat 
c-oarser  straw  than  some  smaller  varieties  of  yellow  oats  grown  about  here,  and  the 
kernel  is  also  larger,  but  in  comparing  the  inside  of  the  kernel  it  will  hold  its  own  with 
any  variety  regardless  of  color,  as  the  hull  is  very  thin,  thus  increasing  the  feeding 
value  considerably. 

The  demand  for  pure  seed  from  this  variety  has  been  exceptionally  g(K>d  during 
the  past  few  years,  and  we  have  always  sold  all  we  had  to  offer  for  seed  at  a  fair  price 
and  have  not  only  sold  to  growers  in  the  neighborhood,  but  have  shipped  a  consider- 
able quantity  to  other  farmers,  as  well  as  carloads  to  seed  houses.  It  is  just  as  easy  to 
grow  pure  seed  of  any  variety,  and  there  is  certainly  more  profit  and  pleasure  con- 
nected with  it. 

ilr.  Charles  H.  Howitt,  of  Randolph,  Dodge  County,  Wis.: 

We  have  been  growing  the  Swedish  oats  for  the  past  4  years.  In  the  spring  of  1904 
I  secured  IJ  bushels  of  seed  from  L.  L.  Olds  Seed  Company.  This  was  sown  on  three- 
fourths  of  an  acre  of  ground  alongside  of  our  common  variety.  The  soil  wa,'^  of  a  heavy 
clay  nature.  There  was  a  difference  to  be  seen  all  through  the  growing  season,  the 
Swedish  being  of  a  darker  green  color  and  seemed  to  make  a  heavier  growth.  About 
10  days  before  ripening  they  lodged  quite  badly  on  account  of  a  storm,  and  accord- 
ingly the  grain  that  we  thrashed  was  rather  light  weight.  The  yield  was  at  the  rat<> 
of  50  bushels  per  acre. 

The  following  spring  we  sowed  8  acres  of  the  Swedish  and  6  acres  of  our  common 
variety  in  separate  fields  on  the  same  kind  of  soil  and  both  following  a  croj)  of  barley. 
The  Swedish  ^delded  a  trifle  over  50  bushels  per  acre  and  the  common  variety  40 
bushels  per  acre,  a  difference  of  10  bushels  in  favor  of  the  Swedish  oats.  The  past  2 
years  we  have  grown  the  Swedish  oats  entirely  for  our  main  crof),  with  very  satisfac- 
torv  results. 

The  Swedish  oats  are  now  grown  quite  extensively  in  our  nciglibr)rhood,  and  from 
what  I  have  been  able  to  learn  from  those  who  have  grown  them  they  seem  to  be  the 
best  adapted  to  a  well-drained  heavy  soil. 

aXTALITY  OF  THE  KERNEL  IN  THE  SWEDISH  SELECT  OAT. 

Soon  after  the  introduction  of  the  Swedish  Select  oat,  many  Wis- 
consin farmers  remarked  on  the  (|uahty  of  the  kernel,  mentioned  the 
thinness  of  the  hull,  and  considered  it  to  be  in  several  respects  an 
improvement  over  other  kinds.     (PI.  IV.)     Our  own  investi^i^ations 
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later  have  shown  that  several  other  varieties  exceed  the  Swedish 
Select  both  in  weight  per  bushel  and  proportion  of  meat  to  hull,  but 
a  larger  number  of  varieties  are  inferior  to  it  in  these  characteristics, 
and  particularly  so  in  the  case  of  Wisconsin  oats.  Compared  with 
the  more  commonly  grown  varieties,  therefore,  it  remains  true  that 
this  kernel  stands  rather  high  in  quality  in  the  chief  oat  districts  of 
the  United  States. 

The  following  interesting  determinations  were  furnished  by  Mr. 
C.  W.  Warburton,  now  in  charge  of  oat  investigations  of  the  Bureau  of 
Plant  Industry.  The  weight  per  bushel,  the  weight  of  1,000  kernels, 
and  the  percentage  of  meat  in  the  kernel  were  determined  in  samples 
of  a  number  of  different  oat  varieties  grown  in  Wisconsin,  Kansas, 
North  Dakota,  and  Montana,  with  results  as  given  in  the  following 
table : 

Table  VII. —  Weight  per  bushel,  weight  of  1,000  grains,  and  jfercentage  of  kernel  to  whoU 
grain  in  a  number  of  different  oat  varieties  grown  in  several  States. 

WISCONSIN. 


1905. 


Kherson. 

Weight  per  bushel  (pounds). . 

Weight  of  1.000  grains  (grams). 

Pereentiige  of  meat  in  kernel. . 
SIxtv-Day. 

Weight  per  bushel  (pounds). . . 

Weight  of  1,(XX)  grains  (grams). 

Percentage  of  meat  in  kernel. . 
Swedish  Select. 

Weigh!  jxT  bushel  (pounds). . . 

W^eight  of  1.000  grains  (grams). 

Percentage  of  meat  in  kernel. . 
White  Bedford. 

Weight  per  bushel  (pounds). . . 

Weight  of  1,000  grains  (grams). 

Pendent  age  of  meat  in  kernel. . 
White  Tartar. 

Weight  per  bushel  (pounds). . . 

Weight  of  1,000  grains  (grams). 

Percentage  of  meat  in  kernel. . 
Belyak. 

"Weight  per  bushel  (pounds)  .. 

Weight  of  1, ()()()  gniins  (grams). 

Percentage  of  meat  in  kernel. . 
Wisconsin  Woniler. 

Weight  per  bushel  (pounds)... 

Weight  of  l.(XX)  grains  (grams). 

Percentage  of  meat  in  kernel. . 
(Jolden  Fleece. 

Weight  per  bushel  (pounds). .. 

Weight  of  1.000  grains  (grams). 

Percentage  of  meat  in  kernel. . 
N.  K.  iV  Co.  White. 

Weight  per  bushel  (pounds)... 

Weight  of  1.000  grains  (grams). 

Percentage  of  meat  in  kernel . . 


35.50 
22.19 
78.07 

90.50 
18.85 
72.60 

34.00 
24.25 
70.09 

35.50 
21.65 
73.42 

32.50 
19.84 
69.13 

35.50 
25.98 
70.35 

33.50 
23.73 
70.16 


1906. 


33.75 

18.75 
70.08 

29.25 
16.88 
73.74 

36.50 
29.71 
69.63 


1907 


29.50 
19.28 
57.65 

23.75 

22,78 
54.86 


25.25 
12.68 
65.65 

26.25 
13.97 
66.45 

27.60 
23.84 
67.44 

24.60 
17.70 
65.83 

27.00 
19.38 
69.86 

26.00 
17.41 
67.38 

23.00 
17.33 
63.71 

22.25 
15.47 
66.17 


19. 
15. 
59. 


75 
74 
61 


Average. 


31.50 
17.87 
71 


27 


28.67 
16.57 
70.93 

32.67 
25.93 
69.05 

30.00 
19.67 

m.& 

29.75 
19.61 
69.49 

30.75 
21.  €8 
68.86 

2a  25 
20L53 
66. 9& 

2600 
17.37 
61.86 

21.75 
19.26 
57.24 
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Table  VII. — Weight  per  &u«M»  vfeight  of  1,000  ffrains,  and  percentage  of  kernel  to  whole 
grain  in  a  number  of  different  oat  varietiee  grovm  in  tevmU  States — Continued. 

]|ONTANA.a 


wdgnt  per  bushel  (poundi) 

Weight  of  1,000  KratDs(gnms) 

Peroentage  of  meat  in  kernel ^ 

Swedish  Select. 

Weight  per  Inishel  (pounds) 

Weight  of  1,000  gnms  (grams) 

Penentace  of  meat  in  kemeL 

Sabers  Big  Four. 

Weight  per  boahel  (pounds) 

Weight  of  1,000  grams  (grams) 

Peroentage  of  meat  in  kemeL 

ttberisn. 

Weight  per  bushel  (poonds) 

Weight  of  1,000  grains  (grams) 

Peroentage  of  meat  In  kernel 

(Aydodale. 

Wei^t  per  bushel  (poonds) 

Weight  of  1,000  grams  (grams) 

Peroentage  of  meat  in  kernel 

PronesB. 

Wei^t  per  bushel  (ponnds) 

Weight  of  1,000  grams  (grams) 

Peroentage  of  meat  in  kernel 


1900. 


30.00 
34.44 
77.04 

40.25 
32.89 
77.69 

4a  26 
28.64 
70w30 

42.00 
82.99 
7a  99 

4a  26 
31.73 
76.28 

41.60 
3a  62 
73.36 


1907. 


86.76 
22.64 
7a  06 

3&76 
29.82 
71.40 

41.00 
29.00 
7a  76 

41.26 
33.86 
76.46 

41.00 
3a  69 
09.36 

4a  76 
29.78 
72.29 


Average. 


37.37 
23.64 
70.84 

39.60 
31.35 
74.64 

40.62 
28.80 
73.62 

41.02 
33.42 
78.22 

4a  02 
31.16 
72.32 

41.12 
30.16 
72.32 


•  All  samples  of  grain  from  Montana  contained  a  considerable  peroentage  of  hulled  kernels;  hence,  the 
weight  per  onshel  is  somewhat  higher  than  the  grain  itself  Justifies. 

NORTH  DAKOTA. 


jSlxtT-DaT. 

Weight  per  bushel  (ponnds) . . 
!      Wdght  of  1,000  grams  (grams) . 

Peroentuee  of  meat  in  kernel. . 
8evcntyflve>i)ay. 

Woght  per  Dushel  (pounds) . . 

Wei^t  of  1,000  grains  (grams) , 

Peroentage  of  meat  in  kernel. . 
Swedish  Select. 

Wei^t  per  bushel  (pounds) . . 

Wei^t  of  1,000  grafios  (grams) . 

Peroentage  of  meat  in  kernel. . 
Tirtarlan. 

Weight  per  bushel  (pounds) . . 

Wd^t  of  1,000  grains  (grams) , 

Peroentage  of  meat  in  kernel. . 
Bdjak. 

Weight  per  bushel  (pounds) . . 

Weight  of  1,000  grains  (grams) . 


itage  of  meat  in  kernel, 
oish  Black. 


Keith  Flnni 

Wdght  per  bushel  (pounds) . . 
Weight  of  1,000  grains  (grams) . 
Peroentage  of  meat  in  kernel. . 


1900. 


38.26 
19.44 
75.29 


37.60 
30.14 
60.49 


1907. 


36.76 
22.22 
75.81 

3a  00 
24.01 
73.46 

34.00 
28.84 
70.78 

31.00 
23.06 
68.15 

31.75 
2a  48 
67.68 

30.00 
21.19 
6a  40 


Average. 


37.00 
20.83 
75.55 


35.75 
29.49 
7a  23 


KANSAS,  1907. 


ftinr  dumopioii... 
White  RuMHUi  ••• . 

Xfaeiaoo...... 

9ndlA_8eleeL.... 
ted  Rnstprool*  •  •  • 

Atnopol..... 

ttmMtoe. 

No.  202 


Weight 
per 

Weight 
ofl^ 

bushel. 

Pound*. 

(ham*. 

34.60 

2a  27 

29.25 

17.44 

27.25 

2a  31 

2a  60 

17.46. 

38.75 

32.01 

27.75 

25.75 

25.25 

17.33 

2a  25 

21.79 

25.25 

ia34 

2a  50 

21.85 

Meat  In 
kernel. 


PereetU. 
75.85 
74.32 
72.63 
72.45 
72.19 
7a  54 
69.92 
6a  62 
67.87 
6a  84 
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The  percentage  of  meat  in  the  kernel  was  determined  by  hulling 
100  kernels  taken  at  random  from  a  fair  sample,  weighing  the  hulls 
and  inside  portions  separately,  and  then  calculating  the  percentage 
of  the  latter  weight  to  the  combined  weight.  An  average  of  three 
such  determinations  for  each  sample  gave  the  result  that  is  set  down 
for  eftch  variety  each  year. 

The  largest  amount  of  data  was  obtained  from  Wisconsin  material. 
Of  the  varieties  examined  from  tha^t  State,  the  Swedish  Select  stands 
much  the  highest  in  weight  per  bushel  in  an  average  of  samples  from 
3  years'  crops,  the  average  weight  for  this  oat  being  32.67  pounds. 
Only  one  other  variety,  the  Kherson,  reached  even  31  pounds.  In 
weight  of  1,000  kernels  in  grams  the  Swedish  Select  also  exceeds  any 
of  the  others.  This  quality,  however,  is  not  important.  In  percent- 
age of  meat  in  the  kernel  this  variety  falls  considerably  below  those 
having  the  highest  percentages,  ranking  only  fifth  in  this  respect. 
The  Kherson  and  the  Sixty-Day  are  considerably  higher,  while  the 
White  Bedford  and  the  White  Tartar  are  also  somewhat  higher. 

Average  determinations  of  Montana  samples  out  of  two  years' 
crops  show  the  Swedish  Select  to  be  inferior  in  weight  per  bushel  to 
four  others  in  a  comparison  with  five  varieties.  In  weight  of  1,000 
kernels  it  stands  second  in  rank,  and,  what  is  more  important,  is 
second  also  in  percentage  of  meat  in  the  kernel. 

In  the  case  of  the  North  Dakota  varieties  there  are  averages  of 
2  years'  samples  in  only  two  instances,  those  of  the  Sixty-Day  and 
the  Swedish  Select,  the  latter  exceeding  the  former  in  both  weight 
per  bushel  and  weight  of  1,000  kernels,  but  falling  considerably  below 
it  in  percentage  of  meat  in  the  kernel.  For  the  1907  crop  only,  the 
Swedish  Select  is  exceeded  by  the  Seventyfive-Day  oat  in  both 
weight  per  bushel  and  percentage  of  meat,  but  exceeds  the  latter  in 
weight  of  1,000  kernels,  and  exceeds  all  the  three  remaining  varieties 
in  all  these  qualities. 

Kansas  samples  were  examined  from  only  one  year's  crop,  that  of 
1907.  Compared  with  nine  other  kinds,  the  Swedish  Select  ranks 
fifth  in  percentage  of  meat,  falling  considerably  below  the  Sixty-Day 
in  this  quality,  but  exceeds  all  other  varieties  in  both  weight  per 
bushel  and  weight  of  1,000  kernels. 

A  series  of  tests  similar  to  the  above  was  made  by  Shepperd  and 
Churchill  with  a  considerable  number  of  varieties  at  the  North 
Dakota  Agricultural  Experiment  Station,  samples  being  taken  from 
the  crops  of  1904,  1905,  and  1906." 

The  results  of  these  tests  show  that  the  Swedish  Select  stands  con- 
siderably above  the  average  of  oat  varieties  in  percentage  of  meat  in 

a  Bulletin  75,  Nort.h  Dakota  Agricultural  Experiment  Station,  February,  1907,  pp- 
317-322. 
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the  kemel,  but  considerably  below  the  best  in  this  respect,  the  Sixty- 
Day  and  the  Tartarian  being  usually  the  best.  In  average  wieight 
per  bushel  it  was  good  and  stood  rather  high  in  weight  of  1,000 
kernels. 

On  the  whole,  the  tests  just  mentioned  indicate  that  the  Swedish 
Select  oat  is  usuaUy  high  in  weight  per  bushel  and  very  high  in  abso- 
lute weight  of  kernels.  At  the  same  time,  the  percentage  of  meat  in 
the  kernel  is  found  to  be  higher  than  might  be  expected,  always  above 
the  averi^,  and  sometimes  unusually  high.  The  combination  of 
these  qualities  therefore  indicates  that  the  feeding  value  from  these 
standpoints  is  much  above  the  average. 

CHEHIOAIi  ANALYSES. 

For  comparison,  many  chemical  analyses  of  this  oat  and  of  others 
have  been  made  by  Dr.  J.  S.  Chamberlain,  formerly  of  the  Bureau  of 
Chemistry  of  this  Department,  in  connection  with  laboratory  work 
in  cooperation  with  this  Bureau.  These  analyses^  show  no  extreme 
quality  in  the  Swedish  Select,  but  indicate  that  it  is  a  variety  of  good 
feeding  value,  possessing  a  protein  content  above  the  average  and  a 
narrow  nutritive  ratio;  that  is,  the  ratio  of  protein  to  carbohydrates 
and  fats  is  rather  high.  There  is  an  unusually  important  feature  of 
these  analyses,  however,  in  the  fact  that  the  average  results  with  128 
samples  of  domestic-grown  Swedish  Select  oats  show  a  considerable 
increase  in  protein  content  over  the  original  introduced  seed.  This 
is  very  gratifying,  in  view  of  the  claim  sometimes  made  that  intro- 
duced crops,  although  an  improvement  at  first,  tend  to  deteriorate 
afterwards. 

VALX7E  OF  THE  ZNTBODUCTION. 

As  previously  mentioned,  the  Swedish  Select  oat  has  received  the 
greatest  attention  in  Wisconisn,  though  also  grown  to  a  large  extent 
in  South  Dakota  and  Montana.  It  has  been  shown  that  the  10-year 
average  yield  of  this  oat  at  the  Wisconsin  Agricultural  Experiment 
Station  was  8^  bushels  greater  than  the  average  of  all  other  varieties. 
Also,  calculating  the  averages  of  the  highest  yielding  varieties  for 
several  different  periods,  in  which  all  varieties  were  grown  every  year, 
there  is  a  constant  difference  in  yield  of  about  12  bushels  per  acre  in 
favor  of  the  Swedish  Select  in  comparison  with  the  next  highest  variety. 
Taking  the  mean  of  these  two  determinations,  or,  rather,  reducing 
the  latter  one  (for  it  is  the  most  accurate),  we  can  probably  safely 
assume  a  constant  average  increase  in  yield  of  at  least  10  bushels  per 
acre  for  the  Swedish  Select  over  that  of  other  varieties  in  these  tests. 

As  all  varieties  were  grown  under  the  same  conditions  it  is  reason- 

«See  "The  Feeding  Value  of  Cereals,"  Bulletin  120,  Bureau  of  Chemifltry,  U.  S. 
Dept.  of  Agriculture,  1909,  pp.  18-25. 
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able  to  infer  that  the  Swedish  Select  oat  will  show  the  same  supe- 
riority over  ordinary  kinds  when  grown  throughout  the  State.     It 
will  therefore  be  interesting  to  calculate  the  possible  increase  in  oat 
production  in  Wisconsin  if  this  oat  were  grown  exclusively.     The 
average  oat  acreage  of  Wisconsin  has  recently  been  about  2,400,000 
acres,  and  the  average  production  about  80,300,000  busheb.     The  pro- 
portion of  this  production  that  is  already  Swedish  Select  is  30,000,000 
bushels,  or  nearly  three-eightha  of  the  crop.     With  the  same  yield  per 
acre,  this  portion  would  be  grown  on  nearly  three-eighths  of  the  acre- 
age, but  of  course  it  is  really  less.    For  safety  in  calculation  we  will 
assume  it  to  be  just  three-eighths.    Then  there  remains  five-eighths 
of  the  acreage,  or  about 
1,500,000     acres,    now 
sown  to  other  varieties. 
Ten  bushels  on  each  of 
these  acres,  or  in  all 
^  15,000,000   bushels   at 

S  least,  would   therefore 

a  be  added  to  the  present 

§  oat  production  of  Wis- 

^  consin  if  Swedish  Select 

gj  oats  were  grown  exclu- 

£  sively, 

S  Now,  what  is  the  ac- 

s  tual  present  increase  in 

production  in  Wiscon- 
sin due  to  the  use  of 
this  oat!  As  stated, 
the  present  Swedish 
Select  acreage  is  less 
than  three-eighths  of 
the  total.  Again,  for 
safety  in  calculation 
we  may  assume  it  to  be  at  this  time  at  least  one-fourth,  or  600,000 
acres.  Ten  bushels  increase  on  each  of  these  acres,  or,  6,000,000 
bushels  in  all,  is  therefore  the  present  annual  addition  to  the  oat 
production  of  Wisconsin  that  can  conservatively  be  credited  to 
the  use  of  the  Swedish  Select.  The  value  of  this  increase  in  pro- 
duction at  36  cents  per  bushel,  the  average  farm  price  December  1 
for  the  yeara  1904-1908,  is  $2,160,000.  The  average  farm  price 
for  1907,  1908,  and  1909,  however,  was  44  cents  per  bushel,  which 
would  increase  the  value  to  $2,640,000.  Add  to  this  the  facts 
that  the  6-million-bushel  increase  is  reckoned  up  to  1908  only  and 
that  this  extra  production  no  doubt  continues  to  be  somewliat 
greater  each  year,  and  it  is  seen  that  the  present  increase  in  farm  value 
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is  probably  not  far  from  $3,000,000  annually,  and  certainly  over 
$2,500,000,  but  the  more  conservative  figures  will  be  used. 

The  estimated  production  of  the  Swedish  Select  oat  in  Wisconsin 
ranges  from  150,000  bushels  in  1903  to  30,000,000  bushels  in  1908. 
This  rapid  increase  is  shown  graphically  in  figure  3.  Figure  4  shows 
the  average  farm  value  of  the  entire  oat  crop  of  Wisconsin,  that  of  the 
Swedish  Select  oat  alone,  and  the  increase  in  farm  value  of  the  entire 
crop  due  to  the  use  of  the  Swedish  Select  variety. 
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Fig.  4. — Diagram  showing  in  millions  of  dollars  the  average  fann  value  of  the  entire  oat  crop  in  Wiaoon- 
■in,  tbat  of  the  Swedish  Select  oat,  and  the  annual  Increase  in  the  farm  value  of  the  entire  crop  due 
to  tbe  use  of  the  Swedish  Select  variety. 

Outside  of  the  State  of  Wisconsin  the  present  production  of  the 
Swedish  Select  oat  is  more  difficult  to  estimate,  but,  as  already  stated  in 
the  introduction,  the  entire  production  in  the  United  States  is  surely 
50,000,000  bushels  annually.  Using  this  figure,  the  present  farm  value 
of  the  Swedish  Select  oat  at  the  average  farm  price  per  bushel  for  the 
years  1904-1908  is  at  least  $18,350,000  annually. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington,  !>.  C,  Ayril  11, 1910. 

Sik:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  ''Field 
Studies  of  the  Crown-Gall  of  the  Grape,"  by  Dr.  George  Grant  Hedg- 
cock,  Pathologist,  Investigations  in  Forest  Pathology. 

The  paper  embodies  the  results  of  several  years  of  investigation  of 
the  crown-gall  of  the  grape  in  the  western  United  States,  especially 
of  the  susceptibility  and  immunity  to  the  disease  of  a  number  of  the 
most  important  varieties  of  grapes.  It  is  found  that  a  few  varieties 
are  resistant  to  the  crown-gall,  and  that  the  use  of  the  varieties 
Rupestris  St.  George  and  Lenoir  as  stocks  for  engrafting  congenial 
nonresistant  varieties  affords  a  ready  means  of  successfully  overcom- 
ing the  effects  of  the  disease  under  soil  and  climatic  conditions  favor- 
able to  such  varieties. 

Studies  on  the  congeniality  of  Vitis  vinifera  to  resistant  stock  varie- 
ties, and  the  adaptation  of  varieties  to  soil,  climatic,  and  other  con- 
ditions, are  discussed  by  Prof.  George  C.  Husmann  in  Bulletin  172 
of  this  Bureau. 

The  writer  of  this  paper  is  indebted  to  Prof.  Fabian  Garcia,  of  tlie 
Agricultural  Experiment  Station  of  New  Mexico,  for  hearty  coopera- 
tion in  obtaining  information  as  to  the  extent  of  crown-gall  in  that 
Territorv. 

This  paper  completes  the  work  of  Doctor  Hedgcock  on  the  subject, 
but  studies  of  the  field  end  of  this  disease  will  be  continued  by  the 
Office  of  Fruit-Disease  Investigations  of  this  Bureau. 

I  recommend  that  this  paper  be  published  as  Bulletin  No.  183  of  the 

special  series  of  this  Bureau. 

Respectfully,  B.  T.  Galloway, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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B.  P.  I.-575. 

FIELD  STUDIES.  OF  THE  CROWN-GALL  OF 

THE  GRAPE. 


INTBODUCTION. 

A  disease  of  grapevines,  under  the  various  names  of  '*  black-knot/' 
"crown-knot,"  *'root-knot,"  *' crown-gall,''  and  ''root  tumors,"  has 
been  known  in  the  United  States  for  many  years.  As  early  as  1880 
it  had  become  common  in  California  (61)*  and  often  resulted  in 
serious  injury  to  the  vineyards.  With  the  introduction  of  Euro- 
pean vines  into  new  localities  the  disease  has  become  widespread. 

During  1903  Prof.  Fabian  Garcia,  of  the  New  Mexico  Agricultural 
Experiment  Station,  found  that  a  disease  was  killing  the  grapevines 
at  Bernalillo,  N.  Mex.  The  station  having  no  plant  pathologist  the 
Bureau  of  Plant  Industry  was  requested  to  make  an  investigation  of 
the  epidemic,  and  the  task  was  assigned  to  the  writer. 

A  preliminary  examination  of  the  vines  revealed  the  presence  of 
galls  in  large  numbers  on  the  canes  and  roots  of  many  of  them. 
Experiments  were  at  once  undertaken  for  the  control  of  the  disease 
and  the  cure  of  the  diseased  vines.  After  a  thorough  test  of  ordinary 
remedies  with  little  or  no  results,  an  experiment  was  conducted  to 
find  varieties  resistant  to  the  disease. 

Meanwhile  studies  were  made  of  the  cause,  nature,  communica- 
bility,  and  effect  of  the  disease.  This  involved  a  number  of  species 
and  varieties  of  grapes  and  a  series  of  experiments  in  the  greenhouse 
and  gardens  at  St.  Louis,  Mo.,  and  later  at  Washington,  D.  C. 

This  bulletin  outlines  the  history  of  the  disease  and  gives  the  results 
of  these  studies  and  experiments,  which  are  of  a  preliminary  nature, 
but  are  of  great  importance,  especially  to  growers  of  grapes  in  Texas, 
New  Mexico,  Arizona,  and  California.  Certain  varieties  of  grapes 
are  found  to  be  so  susceptible  to  crown-gall  as  to  be  unprofitable  for 
vineyards  in  many  localities,  while  others  are  resistant  to  a  con- 
siderable degree  and  are  recommended  for  planting.  Methods  for 
the  prevention  and  control  of  the  disease  are  outlined. 

»  The  serial  numbers  in  parentheses  used  in  this  paper  refer  to  the  bibliography 
which  will  be  found  on  pages  31  to  33. 
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The  crown-gall  or  a  similar  disease  is  thus  reported  on  grapevines 
in  Europe  from  Germany,  France,  Italy,  Denmark,  and  England;  in 
North  America,  from  the  United  States,  Canada,  and  Mexico;  in 
Australia,  from  New  South  Wales;  and  in  Africa,  from  Cape  Colony. 

In  the  United  States  the  disease  occurs  in  nearly  every  locality 
where  varieties  of  Vitis  vinifera  are  grown.  It  occurs  on  some 
American  varieties  in  Canada  and  various  portions  of  the  United 
States.  The  author  has  observed  the  disease  in  localities  in  the  fol- 
lowing States  and  Territories:  Washmgton,  Oregon,  California,  Aii- 
zona,  New  Mexico,  Colorado,  Texas,  Arkansas,  Nebraska,  ^Missouri, 
and  Iowa. 

DISTRIBUTION  OF  THE  DISEASE  ON  SPECIES  AND  VARIETIES  OF  GRAPES. 

In  the  United  States,  as  well  as  in  foreign  countries,  the  varieties 
most  susceptible  to  the  disease  belong  to  the  species  Vitig  vinifera. 
There  are  a  few  exceptions  to  this  rule,  especially  in  the  northern 
United  States  (41)  and  Canada  (20),  where  varieties,  hybrids  or 
crosses,  of  Vitis  labmsca,  Champion,  Salem,  and  others  are  attacked 
by  the  form  of  the  disease  on  the  canes.  Varieties  of  Vitis  linsecamii 
and  Vitis  aestivalis  are  occasionally  diseased  on  both  canes  and  roots. 
Varieties  of  Vitis  rupestris  are  rarely  attacked  by  either  of  the  forms 
of  the  disease  and  appear  to  be  nearly  immune.  Data  will  be  given 
later  in  this  bulletin  on  the  resistance  of  individual  varieties  of  several 
species. 

DISTRIBUTION   OP  THE  DISEASE   ON   YOUNG  AND   OLD   VINES. 

The  disease  has  been  found  to  a  limited  extent  on  the  roots  of  year- 
ling vines  of  Vitis  vinifera  in  vineyards  and  nurseries  in  Texas,  Ari- 
zona, New  Mexico,  California,  Oregon,  and  Washington.  It  is  most 
common  on  the  roots  and  canes  of  older  vines,  increasing  in  extent  as 
the  vines  grow  older.  The  oldest  vineyards  usually  contain  the 
highest  percentage  of  diseased  vines. 

IMPORTANCE    OF  THE   DISEASE. 

In  Grermany,  France,  and  Italy  earlier  writers  report  whole  vine- 
yards destroyed  by  the  crown-gall.  Later  writers  minimize  the 
importance  of  the  disease.  This  decrease  of  disease  is  no  doubt 
due  lai^ely  to  the  use  of  American  varieties  of  grapes  and  their 
hybrids  for  ingrafting  with  varieties  of  Vitis  vinifera  in  the  replant- 
ing of  vineyards  destroyed  by  the  phylloxera.  It  may  also  be  due 
to  the  gradual  selection  of  the  more  resistant  European  varieties 
by  growers  of  grapes.  Our  observations  and  experiments  sustain 
such  a  conclusion,  since  American  varieties  are  more  resistant  to 
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the  crown-gall  and  a  great  variation  of  susceptibility  is  shown  by 
European  varieties. 

In  Cape  Colony,  as  weU  as  in  the  United  States,  certain  varieties 
are  subject  to  the  crown-gall,  such  as  the  Muscat  of  Alexandria 
(Hanepoot).  Mr.  C.  P.  Lounsbury  reports,  by  letter,  that  as  much 
as  70  per  cent  was  found  diseased  in  a  vineyard  six  or  seven  years 
old  planted  with  Hanepoot  (Muscat  of  Alexandria)  vines.  In  vine- 
yards in  Texas,  New  Mexico,  and  Arizona  all  the  vines  of  this  variety 
and  of  the  Mission  variety  are  often  diseased,  and  many  of  them 
are  dead  at  the  end  of  four  years.  In  one  vineyard  at  Bernalillo, 
N.  Mex.,  3,000  Mission  vines  died  from  the  disease  in  four  years 
from  the  time  the  vineyard  was  planted.  The  loss  from  the  ravages 
of  the  disease  is  a  large  and  important  item  in  many  localities, 
especially  in  this  section,  amounting  to  many  thousands  of  vines. 

If  we  consider  the  northern  form  of  disease  known  as  necrosis  (41) 
or  black-knot  (22)  as  identical  with  crown-gall,  the  importance  of 
the  disease  is  greatly  increased.  Until  it  has  been  definitely  proved 
that  this  fonn  of  disease  is  due  to  a  different  organism,  owing  to 
the  apparent  similarity  of  the  black-knot  of  the  Northern  States 
and  the  cane-gall  form  of  crown-gall  in  the  Southwestern  States, 
the  writer  will  consider  these  forms  of  disease  identical. 

DESCBIPTION  OF  THE  FORMS  OF  CBOWN-GALL. 

BOOT  OALLS. 

The  disease  is  most  frequently  found  in  its  earlier  stages  in  the 
X  form  of  more  or  less  spherical,  fleshy  galls,  or  o.utgrowths  (PI.  Ill, 
fig.  2),  from  the  roots  of  young  plants  grown  from  cuttings  or  at 
the  point  of  union  of  scion  and  root  in  young  grafted  vines.  These 
usually  originate  in  a  wound.  They  often  become  confluent  (PL  II, 
fig.  1). 

These  galls  at  first  are  white  or  flesh  colored  and  can  not  be  dis- 
tinguished from  callus,  but ,  they  usually  develop  more  rapidly. 
The  surface  as  they  grow  older  is  more  or  less  coarsely  convoluted. 
They  more  frequently  occur  near  the  surface  of  the  ground  and 
often  attain  a  diameter  of  2  or  3  inches  on  large  vines. 

CANE   OALLS. 

The  disease  on  old  vines  extends  from  the  crown  upward  and 
attacks  the  older  branches  of  the  canes,  often  to  the  height  of  from 
3  to  5  feet  from  the  ground.  Fleshy  excrescences  or  confluent  galls 
develop  usually  along  lines  parallel  to  the  length  of  the  canes  (PL 
II,  fig.  2).  These  growths  are  sometimes  continuous  for  several 
inches  or  may  develop  in  bunches.    In  spring  the  young  galls  resemble 
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wound  tissue,  but  later  in  the  season  they  often  assume  a  dark-brown 
or  black  color  due  to  the  death  and  decay  of  the  outer  tissues. 

OTHER  MANIFESTATIONS  OF  THE  DISEASE. 

The  disease  manifests  itself  in  a  number  of  ways  in  addition  to 
the  formation  of  galls.  The  affected  vines  are  stunted  in  their 
growth.  The  leaves  are  usually  smaller  and  are  often  etiolated  or 
chlorotic.  The  galls  usually  die  annually,  and  if  under  ground  they 
commonly  rot  away,  the  decay  killing  the  adjacent  tissues  of  the 
root  and  often  killing  the  vine  above  the  point  of  attack. 

DEVELOPMENT  OF  THE  FORMS  OF  CBOWN-GALL. 


DEVELOPMENT   OF   ROOT   GALLS. 

The  subterranean  form  of  the  disease  usually  does  not  develop 
abundantly  the  first  year  on  vines  grown  from  cuttings.  An  excep- 
tion must  be  made  where  cuttings  are  taken  from  diseased  vines. 
In  an  experiment  with  cuttings  selected  from  healthy  and  diseased 
vines  of  the  same  varieties  a  marked  difference  was  noted  in  the 
relative  development  of  the  disease.  The  experiment  was  conducted 
as  follows: 

Cuttings  were  taken  from  apparently  healthy  and  from  plainly  dis- 
eased Thompson  Seedless,  Zabalkanski,  Black  Malvoisiej  and  Mission 
vines  from  the  same  vineyards  at  Bernalillo  and  Mesilla  Park,  N.  Mex. 
They  were  planted  in  the  greenhouse  in  sterilized  soil  in  sterilized 
pots  °  and  watered  with  boiled  water.  The  results  of  the  experiment 
are  shown  in  Table  I. 

Table  I. — Results  of  an  experiment  to  determine  the  relative  suscepHbilitp  to  crown- 
gall  of  four  varieties  of  grapes  grown  in  New  Mexico^  cuttings  being  made  from  appar- 
ently heaWiy  vines  and  from  vine^  plainly  diseased. 


Diseased  cuttings.                      Healthy  cuttings. 

Variety. 

Number 

of  plants 

In  test. 

Healthy 

plants 

resulting. 

Diseased 

plants 

resulting. 

Number 

of  plants 

in  test. 

Healthy 

plants 

resulting. 

Diseased 

plants 
resulting- 

Thompson  Seedless 

25 
4 

43 
19 

Per  cent. 
80.0 
fiO.O 
60.5 
68.4 

Per  cent. 
20.0 
50.0 
39.5 
31.6 

33 

7 

43 

19 

Percent. 

100.0 

100. 0 

79.0 

94.7 

Percent. 

ao 

Zabalkanski 

Black  MalvoLsle 

.0 
21.0 

Mission 

5.3 

91 

67.0 

33.0 

102 

90.2 

9.8 

It  will  be  seen  from  the  table  that  the  use  of  cuttings  taken  from 
plainly  diseased  plants  increased  the  development  of  the  crown-gall 

a  Sterilized  in  an  autoclave  for  three  hours  at  a  temperature  of  110^  G.  (230^  F.)* 
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from  9.8  to  33  per  cent,  or  23.2  per  cent.  It  is  also  seen  that  where 
cuttings  were  selected  from  apparently  healthy  vines  in  diseased  vine- 
yards some  of  them  (9.8  per  cent)  became  diseased  upon  rooting. 
Similar  results  were  obtained  by  cuttings  planted  in  the  soil  in  a 
vineyard. 

Nearly  all  of  the  galls  formed  on  the  vines  grown  from  cuttings  in 
the  experiment  just  mentioned  were  more  or  less  spherical  in  shape 
and  developed  below  the  surface  of  the  ground,  often  on  the  lower 
ends  of  the  cuttings. 

In  structure  these  root  galls  are  from  the  first  very  spongy  and 
watery.  They  consist  at  first  entirely  of  parenchymatous  tissue. 
Later  there  develops  in  the  interior  curled  and  distorted  masses  of 
wood  cells  and  vessels,  and  older  galls  occasionally  become  quite 
woody,  especially  where  they  do  not  die  at  the  end  of  the  growing 
season. 

The  gall  develops  in  every  instance,  where  closely  observed,  either 
from  an  injury  to  the  meristem  layer  beneath  the  bark  of  the  cuttings 
or  from  a  cut  surface.  An  outgrowth  of  cells  first  takes  place  directly 
from  the  meristem  layer,  resembling  callus.  This  develops  rapidly 
into  a  gall. 

DEVELOPMENT  OF   CANE   GALLS. 

In  the  cane  galls  a  similar  development  takes  place,  but  it  is  not 
80  rapid.  Cane  galls  usually  form  along  a  line  of  injury,  often  from 
a  wound  made  in  pruning.  Very  frequently  the  bark  of  the  canes 
of  grapevines  susceptible  to  frost,  such  as  the  Muscat  of  Alexandria, 
is  ruptured  by  freezing  in  the  spring  after  growth  has  begun.  The 
bark  is  usually  ruptured  in  longitudinal  lines.  From  the  meristem 
layer  in  these  wounds  there  develops  directly  numerous  rough  galls 
which  are  more  or  less  confluent.  This  gives  rise  to  the  form  of 
disease  (PL  II,  fig.  2)  known  in  this  country  as  black-knot  (22)  and 
m Em-ope  as  broussins  (42),  rogna  (23),  and  Grind  (15).  These  galls 
often  become  more  or  less  woody  in  structure. 

The  cane  galls  have  been  observed  as  common,  with  few  exceptions, 
only  in  localities  where  vines  are  subject  to  frost  injury.  Where  they 
have  been  foimd  on  vines,  all  forms  of  variation  have  been  noted  from 
the  spherical  root  galls  of  the  roots  and  crowns  of  the  vines  to  the 
confluent  cane  galls  on  the  shoots,  indicating  that  they  are  both  forms 
of  the  same  disease. 

The  cane  galls  usually  dry  up  in  autumn,  and  may  break  away  from 
the  canes  the  following  season,  especially  when  a  further  development 
of  galls  takes  place  along  their  margin. 
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DEVELOPMENT  OF  THE  DISEASE  ON   SEEDLINGS. 

The  seedlings  used  in  the  experiments  described  in  this  bulletin, 
unless  otherwise  designated,  were  grown  from  seed  sterilized  in  con- 
centrated sulphuric  acid  for  ten  minutes,  neutraUzed  with  a  10  per 
cent  water  solution  of  potassium  hydroxid,  and  then  washed  in  sterile 
water.  These  were  planted  and  grown  in  soil  sterihzed  in  an  auto- 
clave at  a  temperature  of  110®  C.  (230®  F.),  placed  either  in  pota 
similarly  sterihzed  or  in  benches  constructed  of  new  pine  and  cypress 
lumber,  and  washed  on  the  surface  with  a  2  per  cent  water  solution 
of  copper  sulphate. 

Seedlings  of  the  following  varieties  of  grapes  were  grown  under 
these  conditions:  Flame  Tokay,  Muscat  of  Alexandria,  Afission, 
Malaga,  Black  Malvoisie,  Concord,  Delaware,  Catawba,  and  Niagara. 
All  such  seedUngs  remained  free  from  the  disease  except  where  they 
were  wounded  and  inoculated  either  with  pieces  of  root  galls  or  with 
cultures  of  bacteria.  The  galls  on  small  seedlings  develop  at  a  much 
more  rapid  rate  than  the  diameter  of  the  canes  or  roots  of  the  plants  on 
which  they  occur;  for  example,  on  the  root  of  a  vine  with  a  diameter 
of  a  quarter  of  an  inch  a  gall  developed  in  two  months  with  a  diameter 
of  an  inch  (PL  III,  fig.  2). 

Cane  galls  did  not  develop  on  any  of  the  plants  in  the  experiments, 
as  all  inoculations  were  made  on  the  vines  either  at  or  just  below  the 
surface  of  the  soil. 

DEVELOPMENT  OF  THE  DISEASE  IN  VINEYARDS. 

In  vineyards  wherever  the  disease  is  found  in  its  worst  forms  the 
galls  are  developed  on  the  roots  in  great  numbers  by  the  end  of  the 
third  year  from  the  time  of  planting  the  vines.  Beginning  about  the 
fourth  year  there  takes  place  a  development  of  galls  on  the  canes  of 
some  of  the  diseased  plants,  but  on  many  vines  the  disease  develops 
only  below  the  surface  of  the  soil. 

THE  EFFECT  OF  CROWN-GALL. 

The  presence  of  the  disease  on  grapevines  becomes  apparent 
within  a  short  time  after  they  are  attacked.  Usually  the  leaves  lose 
their  healthy  dark-green  color  and  become  more  or  less  chlorotic, 
varying  with  the  intensity  of  the  disease.  The  growth  of  the  canes 
becomes  slower  until  they  die  above  the  point  of  attack,  due  to  the 
cancerous  effect  of  the  disease. 

The  galls  have  a  poor  epidermal  covering,  which  is  constantly  being 
ruptured  during  their  development.  This  permits  the  evaporation 
of  the  sap  of  the  vines.  In  the  dry  climate  of  the  southwestern  United 
States  this  loss  of  sap  easily  becomes  a  serious  matter  and  quickly 
results  in  the  lowering  of  the  vitaUty  of  the  diseased  vines. 
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In  New  Mexico,  Arizona,  and  western  Texas  the  vines  are  usually  cut 
back  and  grown  by  the  stump  system  (PI.  IV,  fig.  2),  in  order  to  cover 
the  vines  with  soil  during  the  winter  as  a  protection  against  cold.  In 
spite  of  the  fact  that  the  vines  are  protected,  they  are  injured  in  the 
spring  by  frost  after  they  are  uncovered  and  severely  pruned.  The 
bark  is  often  burst  by  freezing  near  the  surface  of  the  ground,  and 
this  enables  the  disease  to  easil}'^  gain  an  entrance  on  the  canes.  The 
vine  soon  dies  above  the  point  of  attack  (PI.  I).  New  shoots  then 
develop  from  the  canes  or  roots  below  the  diseased  portion,  as  shown 
in  this  illustration.  These  shoots  are  never  so  vigorous  as  the  original 
ones  and  have  a  tendency  to  sprawl  over  the  ground,  it  being  a  difficult 
matter  to  establish  a  new  erect  stump  or  vine  (PI.  IV,  fig.  1).  After 
the  vine  dies  back  a  couple  of  times  it  is  usually  worthless,  although 
it  may  remain  alive  at  the  roots.  This  condition  frequently  obtains 
at  the  end  of  four  to  five  years  under  conditions  favorable  to  the 
disease.  In  California,  Oregon,  and  Arizona  it  usually  requires  a 
longer  period.  A  large  number  of  vine3^ards  in  localities  in  California 
where  vines  suffer  little  from  late  frost  were  found  almost  free  from 
the  disease. 

THE    SXJSCEPTIBILITY   AND   BESISTANCE    OF    SPECIES   AND 
VABIETIES  OF  GBAPES  TO  CKOWN-GALL. 

Two  factors  apparently  enter  into  the  problem  of  the  resistance 
and  immunity  of  grapevines  to  the  disease : 

(1)  The  susceptibility  of  the  species  or  variety  to  frosts,  etc.,  in 
the  locality  where  it  is  grown.  This  varies  not  only  ^ith  the  species 
but  also  with  the  variety  grown;  for  example,  the  Concord,  Catawba, 
Delaware,  and  other  American  varieties  are  perfectly  hardy  and 
usually  free  from  the  disease  in  sections  where  varieties  of  Vitis  vini" 
fera  are  seriously  injured  by  freezing  in  winter  and  late  frosts  in  the 
spring  and  become  badly  diseased. 

(2)  The  variation  in  the  chemical  constituents  of  the  sap  of  different 
varieties  of  grapes  may  enter  into  the  problem  of  resistance.  The 
sap  of  the  vines  of  some  of  the  resistant  varieties  is  especially  acid  to 
the  taste,  much  more  so  than  that  of  some  of  the  more  susceptible 
varieties.  This  acidity  may  increase  the  resistance.  Unfortunately 
no  chemical  determination  has  been  made  to  fully  establish  this 
opinion,  and  it  is  offered  as  a  working  hypothesis  for  future  investi- 
gators. 

In  the  Southern  and  Western  States  it  w^as  found  by  observation 
that  varieties  of  Vitis  vinifera  are  less  resistant  than  those  of  Vitis 
hbrusca  and  V.  aestivalisj  although  in  Arkansas  in  the  Ozark  region 
two  species  became  slightly  diseased,  one  variety  of  which,  Goethe,  a 
hybrid  of  Vitis  vinifera  and  F.  lahrusca,  became  badly  diseased  in  a 
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number  of  instances  at  the  age  of  from  10  to  12  years.  Some  varieties 
of  Vitis  aestivalis  J  such  as  Herbemont,  appear  to  be  immune  to  the 
diseasef. 

Vines  of  Vitis  cordifolia  and  V.  linsecomii  purchased  from  a  nursery 
were  found  badly  diseased  with  crown-gall,  indicating  a  suscepti- 
bility of  these  species  to  the  disease. 

Vines  of  varieties  of  Vitis  rupestris  and  V.  vulpina,  so  far  as 
observed,  are  apparently  quite  resistant,  in  fact  almost  immune  to  the 
disease;  for  example,  Rupestris  St.  George  and  Rupestris  Martin. 

THE   SUSCEPTIBILITY  OF   VARIETIES   OF   EUROPEAN    GRAPES. 

All  the  data  collected  from  experiments  and  observation  indicate 
that  there  is  a  great  range  of  variation  in  susceptibility  of  the  varieties 
of  any  given  species  to  the  disease. 

Of  the  varieties  diseased  to  the  greatest  extent  in  any  given  locality 
it  was  observed  in  general  that  those  most  easily  injured  by  late  spring 
frosts  are  most  susceptible  to  the  disease.  There  are  probably  some 
exceptions  to  this  rule,  since  the  disease  is  able  to  gain  an  entrance 
into  the  tissues  of  vines  through  wounds  without  the  action  of  frost. 

The  varieties  of  Vitis  vinifera  that  were  found  in  the  experiments 
most  susceptible  to  the  disease  were  the  Mission  from  California, 
Muscat  of  Alexandria,  Flame  Tokay,  Rose  of  Peru,  and  Malaga 
varieties.  There  are  no  doubt  others  not  included  in  the  experiments 
that  are  equally  susceptible. 

At  Bernalillo,  N.  Mex.,  an  experimental  vineyard  for  the  study  of 
the  disease  lias  been  conducted  since  1903.  The  vineyard  originally 
contained  vines  of  the  Mission  variety  from  California,  badly  dis- 
eased with  crown-gall  at  the  age  of  4  years  (PL  I).  These  vines 
were  first  treated  in  various  ways  in  an  attempt  to  control  the  crown- 
gall,  but  without  success.  The  diseased  vines  were  then  replaced 
chiefly  with  other  varieties  of  Vitis  vinifera  in  an  effort  to  obtain 
resistant  vines.  A  number  of  the  best  varieties  of  commercial  wine 
and  table  grapes  grown  on  their  own  roots,  purchased  in  California, 
were  set  in  the  holes  from  which  the  diseased  Mission  grapes  had  been 
removed  (PL  IV,  fig.  1).  This  put  the  new  vines  to  an  exact  and 
extreme  test,  since  each  vine  was  planted  in  infected  soil. 

The  vines  of  some  varieties  became  badly  diseased  in  two  years  and 
were  replaced  at  the  end  of  the  second  year  with  more  resistant  varie- 
ties. The  following  table  presents  the  result  of  the  experiment  to 
July  1,  1909: 
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Table  U, ^Percentage  of  diseased  vines  of  each  variety  of  grapes  grown  in  the  experir 

mental  vineyard  at  Bernalillo,  N,  Mex.y  in  injected  soil. 


Variety. 


Rapcstiis  St.  Oeorse. 

PcherSzagoB. 

Sweetwater 

Golden  Chasselas 

Seedless  Sultana 

Carignane 

Grenacbe 

Gras  Colinan 

Mataio 


Saovlgnon  Vert. 
Btack  Malvoiaie. 


Lenmr 

Zinfuidel 

Porple  Damascus. . 
Thompson  Seedless. 

RtolJag 

Burgm[idy 


Rose  of  Peru 

Mfashm  (New  Mexico). 

PlameTokav 

Moseat  of  Alexandria.. 
Mfasloo(CalifbmJa)... 


Number 

of 
vines 

Age. 

grown. 

Yean, 

300 

3 

500 

5 

400 

3 

fiOO 

3 

300 

6 

100 

3 

200 

3 

50 

5 

300 

3 

200 

3 

500 

3 

200 

3 

500 

6 

200 

5 

100 

5 

100 

6 

300 

6 

300 

3 

100 

6 

50 

3 

1,000 

6 

300 

3 

650 

3 

300 

5 

Proportion 

of 

diseased 

plants 

resulting. 


Growth  of 
plants. 


Percent. 

1.0 

5.0 

5l4 

7.2 

8.1 

9.0 

10.0 

11.0 

12.0 

13.3 

14.0 

17.0 

18.7 

22.3 

24.0 

24.  C 

36.0 

46.0 

62.0 

64.0 

76.0 

70.0 

72.5 

96.0 


Very  good. 

Do. 

Do. 
Uneven. 
Good. 

Do. 

Do. 

Do. 

Do. 
Uneven. 
Good. 

Do. 
Very  good. 
GooNd. 
Uneven. 

Do. 
Good. 
Uneven. 

Do. 

Do. 

Do. 

Do. 

Do. 

Dtf. 


It  will  be  seen  from  the  table  that  the  varieties  showing  the  least 
disease  are  headed  by  the  hybrid  Rupestris  St.  George,  which  shows 
a  resistance  of  99  per  cent.  The  vines  of  this  variety  that  were  dis- 
eased showed  only  traces  of  the  crown-gall  and  no  effects  whatever. 
Other  promising  varieties  are  Feher  Szagos,  Sweetwater,  Seedless 
Sultana,  Carignane,  Grenache,  Gros  Colinan,  Mataro,  Black  Malvoisie, 
Burger,  and  Lenoir.  The  affected  vines  of  these  varieties  were,  as  a 
rule,  but  slightly  diseased,  and  have  shown  a  good  growth. 

The  most  diseased  vines,  viz,  Mission,  Muscat  of  Alexandria, 
Flame  Tokay,  Rose  of  Peru,  Malaga,  Burgundy,  Thompson  Seedless, 
and  Purple  Damascus,  will  not  prove  profitable  in  infected  soil  in 
conditions  similar  to  those  at  Bernalillo. 

The  land  upon  which  these  vines  were  grown  is  a  sandy,  alluvial 
deposit  of  the  Rio  Grande  River,  underlain  chiefly  by  sand  and 
gravel.  It  was  examined  by  Mr.  W.  W.  Mackie,  of  the  Bureau  of 
Soils,  October  22,  1906,  and  samples  were  taken  for  a  test  for  alkali. 
In  a  report  dated  November  12,  1906,  to  the  Chief  of  the  Bureau  of 
Soils,  Mr.  Mackie  reported  alkali  in  injurious  amount  in  only  three 
very  small  areas  of  the  vineyard.  This  shows  that  in  the  greater  por- 
tion of  the  vineyard  there  was  not  sufficient  alkali  in  the  soil  to  hasten 
the  death  of  the  vines,  as  is  often  the  case  in  the  arid  regions. 

The  experiment  was  also  not  complicated  by  the  presence  of 
phylloxera.  The  vines  were  carefully  examined  each  year,  but  no 
evidence  of  their  presence  was  found. 
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Data  collected  from  nearly  a  hundred  vineyards  in  six  States  in 
the  southwestern  and  western  United  States  yield  similar  conclusioDS 
as  to  the  susceptibility  of  varieties.  The  most  diseased  varieties 
observed  among  those  commonly  grown  in  vineyards,  taken  in  order 
from  the  highest  percentage  of  disease  to  the  lowest,  were  as  follows: 
Muscat  of  Alexandria,  Malaga,  Mission,  Flame  Tokay,  Black  Mai- 
voisie,  and  Zinfandel.  Of  varieties  grown  to  a  much  less  extent  the 
following,  arranged  in  the  same  order  as  before,  were  also  found  badly 
diseased :  Black  Morocco,  Purple  Damascus,  Early  Madelaine,  Black 
Prince,  Trousseau,  Zabalkanski,  Verdel,  and  Burgundy. 

Among  the  vines  commonly  grown,  those  observed  to  be  least 
affected  by  the  disease,  in  the  order  of  their  immunity,  were  the  fol- 
lowing: Seedless  Sultana,  Sweetwater,  Lenoir,  Thompson  Seedless, 
Feher  Szagos,  and  Burger. 

Of  the  vines  grown  to  a  lesser  extent,  the  least  diseased,  taken  in 
the  same  order  as  before,  were  Carignane,  Gros  Colman,  Mataro, 
Black  Prince,  Black  Portugal,  and  Grenache. 

Of  stocks  for  grafting,  the  Rupestris  St.  George,  Rupestris  Martiib 
and  Herbemont  appear  to  be  almost  immune. 

THE   RESISTANCE   OF   VARIETIES   OP   AMERICAN   GRAPES. 

The  writer  conducted  no  vineyard  experiments  with  varieties  of 
American  grapes,  but  secured  data  from  a  number  of  vineyards  in 
which  the  disease  had  appeared.  Through  the  courtesy  of  Prof. 
W.  G.  Vincenheller,  director  of  the  Arkansas  Agricultural  Experiment 
Station,  notes  were  taken  on  a  vineyard  at  the  station  in  which  there 
was  a  large  number  of  varieties  of  American  vines  and  their  hybrids. 
These  vines  were  about  12  years  old,  and  the  disease  had  been 
observed  in  the  vineyard  for  a  number  of  years.  The  vines  were 
planted  on  gently  sloping  land ,  consisting  of  an  upland  clay  loam.  The 
diseased  vines  were  chiefly  on  the  upper  side  of  the  vineyard,  in  such 
a  position  that  the  water  ran  from  them  to  the  vines  lower  down. 
The  cultivation  of  the  plat  was  made  at  right  angles  to  the  line  of 
drainage,  thus  tending  to  spread  the  germs  of  disease  throughout  the 
plat  by  cultivation  and  drainage. 

In  the  table  and  lists  which  follow  the  results  of  the  experiment  are 
given.  The  names  of  species  of  grapes  here  and  elsewhere  in  this 
bulletin  are  in  accordance  with  those  used  in  Bailey's  "Cyclopedia  of 
American  Horticulture."  The  data  on  the  ancestry  of  each  variety 
were  furnished  by  Dr.  George  C.  Husmann,  Pomologist  in  charge  of 
Viticultural  Investigations  of  this  Bureau. 
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Tabus  III. — Percentage  of  diseased  vines  of  each  variety  of  grapes  grown  in  the  experi- 

menial  vineyard  at  FayettevilUf  Ark,,  in  infected  soil. 


Variety. 


Mary  Ann 

Telmapb 

Perkins 

Dracut  Amber. 

Ducbess 

Black  Pearl.... 

Faith 

Golden  Gem... 

Black  July 

Lincoln 

Uenimack 

Opal 

Goethe 

Centennial 

A  merica 

Early  Market.. 


Variety  or  hybrid  of— 


VUUldbntaea 

....do 

....do 

....do 

VUUUtbnucaX 

Vitu  vulpiita 

VUisvulpinaX 

VitiaaestivalifX 

vmaaeaavalU 

..    do 

Vitu  Idbnuca  X  vini/era 

do 

....do 

VUit  aetUvalis  X  labnuea 

Vitis  Urueeomii  X  rupe^ris 

(  Vitis  wijHna  X  labrttKa)  X  vulpiJia. 


Proportion 
o/ diseased 
plants  re- 
sulting. 


Percent. 


80 
40 
20 
20 
40 
40 
20 
20 
20 
60 
07 
60 
40 
40 
40 
10 


From  the  table  it  will  be  seen  that  varieties  or  hybrids  of  a  num- 
ber of  species  were  susceptible  to  the  disease.  In  the  following  list 
is  given  the  names  of  those  varieties  or  hybrids  which  remained  free 
from  the  disease  and  are  considered  resistant,  to  some  extent  at  least. 
Since  there  were,  as  a  rule,  not  more  than  five  vines  of  each  variety, 
the  small  number  must  be  taken  into  consideration  as  lessening  the 
chances  of  infection. 

The  following  varieties  or  hybrids  of  American  grapes  were  free 
from  disease: 

Of  the  varieties  derived  from  Vitis  labrusca:  Amanda,  Arkansaw, 
Cambridge,  Concord,  Cottage,  Eaton,  Hartford,  Illinois  City,  Ives, 
Martha,  Moores  Early,  and  Wyoming. 

Of  the  varieties  derived  from  Vitis  aestivalis:  Arkansas,  Black 
Herbemont,  Onderdonk,  Muench,  Mrs.  Munson,  Neva  Munson,  and 
Superb. 

Of  the  varieties  derived  from  Vitis  linsecomii:  Great  Cluster  and 
Lincy. 

Of  the  hybrids  of  Vitis  labrusca  X  Vitis  vinifera:  Barry,  Black 
Eagle,  Governor  Ross,  Herbert,  Highland,  Triumph,  Campbell's 
Early,  and  Conqueror.  Of  Vitis  labrusca  X  aestivalis:  Gold  Coin. 
Of  (Vitis  labrusca  X  vinifera)  X  (aestivalis  X  vinifera):  Brilliant. 

Of  the  hybrids  of  Vitis  linsecomii  X  aestivalis:  Admirable,  Bumper, 
Delicious,  Kemp,  Hopkins,  Hermann  Jaeger,  Marguerite,  Oriole, 
Perry,  and  Vinita.  Of  Vitis  linsecomii  X  labrusca:  Beacon  and 
Doctor  Collier.  Of  Vitis  linsecomii  X  (labrusca  X  vinifera):  Bailey, 
Big  Extra,  Big  Hope,  Fern  Munson,  Long  John,  Newman,  R.  W. 
Munson,  and  W.  B.  Munson.  Of  Vitis  linsecomii  X  (aestivalis  X 
labrusca):  Laussell.  Of  Vitis  linsecomii  X  (labrusca  X  vinifera): 
Carmen.     Of  (Vitis  linsecomii  X  rupestris)  x  (labrusca  X):  Rupert, 
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Of  the  hybrids  of  Vitis  champini  X  {lahrusca  X ):  Chambrill.  Of 
(Vitis  lahrusca  X  vinifera)  X  aestivalis:  Lindherbe.  Of  ViUs  tniZ- 
pina  X  lahrusca:  Ironclfui  and  Taylor.  Of  Vitis  vulpina  x  aesti- 
valis: Bell.  Of  Vitis  vulpina  X  munsoniana:  Elvicand.  Of  ( Vitis  vulr 
pini  X  lahrusca)  x  vinifera:  Rommell.  Of  Vitis  lahrusca  X  :  Moores 
Diamond,  Peter  Wylie,  and  Early  Ohio. 

Through  the  courtesy  of  Dr.  Husmann,  the  writer  was  permitted 
to  take  notes  on  a  large  number  of  vines  being  tested  by  him  in  sev- 
eral localities  in  California  for  resistance  to  phylloxera  and  alkali. 
Through  observations  made  in  these  and  other  vineyards  in  Cali- 
fomia,  where  vines  are  being  grafted  and  grown  on  resistant  stocks, 
it  has  been  noted  that  where  varieties  like  the  Muscat  of  Alexandria, 
Mission,  and  others  susceptible  to  crown-gall  are  grafted  in  stocks 
resistant  to  phylloxera  there  is  often  acquired  a  resistance  to  crown- 
gall. 

A  number  of  vineyards  were  examined  in  central  and  southern 
California  in  which  the  vines  were  grafted  on  Rupestris  St.  George 
and  Lenoir  and  other  stocks  resistant  to  phylloxera.  These  were 
found  to  be  almost  free  from  crown-gall.  Neighboring  vineyards 
of  the  same  age  where  the  vines  were  grown  on  their  own  roots  were 
found  to  be  very  considerably  or  even  badly  diseased.  This  gives 
still  greater  importance  to  the  need  of  obtaining  resistance  by  graft- 
ing in  resistant  stocks. 

THE  CAUSE  OF  CBOWN-GALL. 

The  earlier  investigators  of  crown-gall  mistook  the  conditions  of 
environment  which  favor  the  disease  for  its  cause.  The  greater 
number  of  European  observers  have  assigned  the  cause  of  the  disease 
to  physical  agents,  such  as  late  frosts  and  winter  killing.  Among 
those  who  ascribed  the  cause  of  cane  galls  (Grind,  broussin,  etc.)  pri- 
marily to  injury  received  from  freezing  are  Dornfield  (15),  Kohler 
(33),  Du  Breuil  (16),  Beinling  (2),  Goethe  (28),  Viala  (55),  Frank 
(21),  and  Sorauer  (48). 

Garovaglio  and  Cattaneo  (23)  and  Dehors  (13)  thought  that  the 
disease  might  be  brought  about  by  injuries  received  from  insects.  In 
addition  to  the  action  of  frost  and  injuries  by  insects,  some  investi- 
gators, according  to  these  writers,  have  advanced  the  opinion  that  a 
superabundance  of  the  food  supply  might  favor  the  disease. 

Von  Thiimen  (58)  found  a  species  of  Fusisporium  in  the  galls  and 
ascribed  the  disease  to  the  action  of  the  fungus,  but  did  not  prove  its 
pathogenesis, 

Corvo  (11)  in  1885  noted  the  presence  of  bacteria  in  the  tubercles; 
or  galls,  on  grapevines.  Cuboni  (12)  in  1889  observed  bacterial 
zooglcesB  in  such  galls  and  compared  them  with  the  bacteria  in  olive 
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knots.  Comes  (7)  in  1891  thought  that  the  disease  was  caused  by 
Bacterium  gummis  and  also  the  disease  known  as  gummosis.  Trevi- 
san  **  named  the  organism  as  isolated  by  Cavara  (5)  BaciUtLS  ampe- 
lapsorae  n.  sp.  Cavara  (5)  claims  to  have  proved  the  pathogenesis  of 
this  organism  by  inoculation  with  pure  cultures. 

Cooke  (9)  in  1893  described  a  disease  on  the  roots  of  grapes  much 
like  the  crown-gall.  He  asserted  that  he  found  a  species  of  Plasmo- 
diophora  in  the  galls.  This  in  1903  he  designated  as  PlcLsmodiopTiora 
viti8  (10).  He  did  not,  however,  prove  the  pathogenesis  of  the  organ- 
ism he  found. 

Woodworth  (60)  mentions  the  finding  of  a  species  of  Micrococcus  in 
grape  galls  which  he  grew  in  a  pure  culture,  but  he  did  not  prove  the 
pathogenesis  of  the  organism. 

Reddick  (41)  in  1909  described  a  fungus  Fusicoccum  viticolwrn, 
which  he  isolated  a  number  of  times  from  the  cane  galls  of  grapevines 
in  New  York.     He  ascribed  the  disease  to  this  fungus. 

The  writer,  in  July,  1903,  in  a  study  of  the  disease  at  Bernalillo, 
N.  Mex.,  found  constantly  occurring  in  the  tissues  of  grape,  cane,  and 
root  galls  and  in  adjacent  diseased  tissues  a  motile  bacterial  species 
which  was  isolated  repeatedly  and  grown  in  pure  cultures  in  poured 
agar  plates  and  slant  agar  tubes  in  a  culture  medium  consisting  of 
a  decoction  of  celery  added  to  McDougaFs  culture  solution.  In  agar 
plates  the  colonies  were  round,  with  a  smooth  edge,  whitish  in 
color,  and  viscid  when  drawn  out  with  a  needle.  No  inoculations 
were  made  with  the  organism  at  the  time.  These  cultures  were  lost 
in  transit  to  St.  Louis,  Mo.,  where  they  were  sent  for  further  study. 

Again,  in  July,  1904,  a  number  of  organisms,  including  five  kinds  of 
bacteria,  were  isolated  from  grape  root  galls.  These  were  grown  in 
pure  cultures  and  inoculated  in  young  Muscat  of  Alexandria  and  in 
Tokay  grape  seedlings.  One  of  these  organisms  was  in  appearance 
similar  to  the  one  found  in  1903,  and  of  three  Muscat  of  Alexandria 
seedlings  inoculated  with  a  pure  culture  of  it  two  became  diseased 
with  galls  at  the  point  of  inoculation.  Wounded  control  plants 
remained  healthy.  Although  the  limited  nature  of  the  experiment 
rendered  the  results  inconclusive,  owing  to  the  urgency  of  the  imme- 
diately practical  aspect  of  these  investigations,  this  work  was  not 
prosecuted  further  at  that  time. 

In  April,  1907,  Smith  and  Townsend  (45)  of  the  Bureau  of  Plant 
Industry,  published  an  article  describing  a  plant  tumor  of  bacterial 
origin.  They  gave  conclusive  proof  of  the  pathogenesis  of  the  organ- 
ism Bacterium  trnnefadens,  n.  sp.,  which  was  isolated  from  the  galls 
of  the  Paris  daisy,  grown  in  pure  cultures,  and  studied.  This  organ- 
ism, when  inoculated  into  healthy  plants  of  tobacco,  tomato,  potato, 
sugar  beet,  hop,  and  peach  produced  galls  at  the  point  of  inoculation. 

oSaccardo.    Syiloge  Fungorum,  vol.  8,  p.  983. 
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Wounded  control  plants  of  the  same  species  remained  free  from  the 
disease.  This  investigation  established  the  relationship  of  a  number 
of  gall  diseases  and  the  cause  of  the  crown-gall  of  the  peach,  etc.  No 
inoculations  were  reported  at  this  time  on  grapevines,  but  Doctor 
Smith  informs  the  writer  that  one  successful  inoculation  was  made 
on  the  grape,  April  3,  1907,  and  that  18  successful  inoculations  were 
obtained  in  May  of  that  year  (all  that  were  inoculated). 

During  the  first  week  in  April,  1907,  an  organism  similar  to  the  one 
found  in  1903  was  isolated  by  the  writer  from  grape  root  galls  and 
inoculations  were  made  into  healthy  peach,  apple,  and  apricot  seed- 
lings during  the  second  week  in  April.  Of  14  peach  seedlings  inocu- 
lated 9  became  diseased  with  galls  at  the  point  of  inoculation;  of 
12  apricot  seedlings  6  became  similarly  diseased;  of  5  apple  seed- 
lings inoculated  none  became  diseased.  The  final  count  was  made 
on  November  5,  1907.  Wounded  control  plants  of  the  same  kind 
remained  free  from  disease. 

In  December,  1908,  at  a  meeting  of  the  Botanical  Society  of 
America,  Doctor  Townsend  (51a)  reported  the  results  of  further  experi- 
ments with  the  organism  from  the  Paris  daisy.  This  organism  when 
inoculated  into  other  plants  produced  galls  on  the  tomato,  potato, 
tobacco,  sugar  beet,  hop,  carnation,  grape,  raspberry,  peach,  and 
apple.  This  proves  that  galls  on  the  grape  may  be  produced  by 
Bacterium  tumefaciens  and  are  identical  in  origin  with  those  on  a 
number  of  other  plants.  The  galls  obtained  on  the  grape  by  Town- 
send  were  both  on  the  canes  and  roots,  and  resembled  in  form  the  galls 
on  the  roots  of  the  grape. 

THE  COMMUNICABIUTY  OF  CBOWK-aALL. 

OBSERVATIONS   BY   OTHER   INVESTIGATORS. 

Very  little  has  been  published  on  the  communicability  of  crown- 
gall,  except  in  the  line  of  opinions  by  observers.  These  will  not  be 
cited. 

Lataste  (34)  communicated  the  disease  to  the  root  of  a  growing 
grapevine  by  binding  a  piece  of  living  grape  gall  over  a  wound. 

RESULTS   OF  EXPERIMENTS. 

Experiments  with  seedlings, — In  1908  the  writer  (30)  published  the 
results  of  part  of  a  series  of  experiments  on  the  communicability  of 
the  crown-gall  from  a  number  of  host  plants,  showing  that  the  dis- 
ease is  communicable  from  pieces  of  living  tissues  of  soft  crown-galls 
placed  in  wounds  on  the  roots  of  the  host  plants.  These  experiments 
proved  the  identity  of  the  soft  galls  of  the  apple  and  pear  with 
those  of  the  stone  fruits,  raspberry,  blackberry,  and  rose.  A  portion 
of  these  experiments  was  devoted  to  the  communicability  of  the 
grape  crown-gall.  The  results  of  these  and  other  experiments  will 
now  be  given. 
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Beginning  with  1903  plants  were  grown  each  year  from  seed  in  the 
manner  described  on  page  14.  Some  of  these  were  inoculated  at  the 
age  of  from  3  to  6  months  by  inserting  pieces  of  living  grape  root  galls 
into  wounds  at  or  below  the  surface  of  the  soil.  Others  were  wounded 
without  inoculations  and  set  aside  as  a  control.  The  results  of  these 
inoculations  were  negative  in  many  instances.  A  summary  of  the 
results  of  these  experiments  for  five  years  is  given  in  Table  IV. 
Both  European  and  American  varieties  of  grapes  were  used. 

Table  IV. — Summary  of  the  results  of  inoculating  seedlings  of  various  hinds  of  plants 

with  grape  crown-gaily  1903-1907. 


Kind  of  seed  lings. 


Almond..., 

Apple 

Apricot 

Blftckberry 
CbestDut. . 

Cherry 

Grape 

Peach 

Pear 

Plum 

Raspberry. 


Inoculated  plants. 

Number 

of  plants 

tested. 

Proportion 
of  healthy 

Proportion 
of  dlsease<l 

plants  re- 

plants re- 

sulting. 

sulting. 
/Vr  cent. 

Per  cent. 

34 

91.2 

8.8 

21 

100.0 

.0 

40 

100.0 

.0 

21 

d5.2 

4.8 

10 

100.0 

.0 

10 

80.0 

20.0 

202 

8.5.5 

14.5 

73 

m.9 

30.1 

5 

100.0 

.0  . 

14 

100.0 

.0 

50 

96.0 

4.0 

Wounded  plants. 


^iimhpr 

Proportion 

of  plants 
tested. 

of  healthy 
plants  re- 
sulting. 

Per  cent. 

02 

100.0 

28 

100.0 

80 

100.0 

10 

100.0 

JO 

100. 0 

7 

100.0 

358 

99.7 

71 

100.0 

5 

100.0 

6 

100.0 

125 

100.0 

Proportion 
of  diseased 
plants  re- 
sulting. 


Per  cent. 
0.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.3 
.0 
.0 


The  results  of  the  experiments  prove  the  eommunicability  of  the 
grape  crown-gall  (14.5  per  cent)  with  pieces  of  galls.  They  also 
show  that  the  disease  is  communicable  as  follows:  To  the  almond, 
8.8  per  cent;  blackberry,  4.8  per  cent;  cherry,  20  per  cent;  peach, 
30.1  per  cent;  and  raspberry,  4  per  cent.  The  inoculations  on  the 
apple,  apricot,  chestnut,  pear,  and  plum  gave  negative  results. 

Another  set  of  experiments  was  conducted  similarly  with  grape 
seedlings,  except  that  the  inoculations  were  made  with  galls  from 
other  host  plants.     Table  V  shows  the  results: 

Table  V. — Summary  of  the  results  of  inoculating  grape  seedlings  xvith  galls  from  other 

host  plants. 


Galls  taken  from— 


Almond.... 

Apple 

Bfackberry 

Peach 

Pear 

Plum 

Raspberry. 

Rose 

Control.... 


Nuinl)erof 
grapevines 
inoculate<i. 


8 
81 
38 
44 
13 
18 
52 
57 
359 


Proportion 
of  healthy 
plants  re- 
sulting. 


/Vr  cent. 

100.0 

100.0 

100.0 

93.2 

100.0 

100.0 

92.3 

97.3 

9C.7 


Proportion 
of  diseased 
plants  re- 
sulting. 


Per  cent. 

0.0 
.0 
.0 

6.8 
.0 
.0 

7.7 

2.7 
.3 
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The  results  from  this  experiment  do  not  differ  radically  from  the 
former  as  regards  hosts.  They  indicate  the  communicability  to  the 
grape  from  the  following  hosts:  Peach,  6.8  per  cent;  raspberry,  7.7 
per  cent;  rose,  2.7  per  cent.  No  communicability  was  shown  in  the 
cases  of  the  galls  from  the  almond,  apple,  blackberry,  pear,  and 
plum. 

A  third  set  of  experiments  was  conducted  in  the  greenhouse  with 
apparently  healthy  pear  seedlings  selected  from  nursery  stock,  which 
were  washed  clean  and  inoculated  with  pieces  of  crown  galls  from 
the  roots  of  grape  and  other  host  plants.  The  results  are  given  in 
Table  VI: 

Table  VI. — Summary  of  the  remits  of  inoculating  healthy  pear  seedlings  with  grape  and 

other  galls. 


Qalls  taken  from— 


Number  of 

pear  trees 

Inoculated. 


Almond... 

Apple 

Blackberry 

Cherry 

Grape 

Peach 

Pear 

Raspberry. 

Rose 

Control 


Proportion  Proi 
of  healthy  ,  of  dl 

plants  plants 

r^iilting.  I  reaoItliiK. 


Percent. 

93 

96.8 

379 

99.2 

2C0 

91.0 

100 

83.0 

387 

99.2 

293 

78.2 

83 

100.0 

197 

93.4 

173 

90.2 

196 

99.5 

Pereemi. 

3.2 

.8 

9lO 

17.0 

.8 
21.8 

.0 
6.6 
9.8 

.5 


The  results  of  the  experiment  show  that  the  disease  is  communi- 
cable to  pear  seedlings  from  other  host  plants  as  follows:  Almond, 
3.2  per  cent;  apple,  0.8  per  cent;  blackberry,  9  per  cent;  cherry,  17 
per  cent;  grape,  0.8  per  cent;  peach,  21.8  per  cent;  raspberry,  6.6 
per  cent;  rose,  9.8  per  cent.  Negative  results  were  obtained  again 
with  the  pear,  also  with  the  apple  and  grape,  on  account  of  the  fact 
that  the  control  plants  were  diseased  in  almost  the  same  amount. 

The  results  of  these  experiments  indicate  that  the  crown-gall  is 
communicable  to  some  extent  from  the  grape  to  the  stone  fruits  and 
blackberry  and  raspberry,  and  vice  versa.  The  degree  of  communi- 
cability to  the  apple  from  the  grape  appears  to  be  almost  a  negligible 
quantity. 

Experiments  with  older  vines. — The  earlier  investigators  who 
assumed  that  freezing,  injuries,  etc.,  were  the  cause  of  crown-gall 
erred,  but  in  doing  so  found  the  conditions  that  favor  the  conmiuni- 
cability  of  the  organism  causing  it. 

The  cause  of  the  disease  can  not  be  ascribed  to  injuries  due  to 
freezing,  since  the  disease  is  found  on  plants  grown  and  inoculated 
in  the  greenhouse  at  temperatures  far  above  freezing.  Wounds  are 
apparently  necessary  for  the  entrance  of  the  organism  causing  the 
disease,  and  freezing  produces  wounds.     Cane  galls  were  observed 
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forming  in  injuries  to  vines  caused  by  late  frosts  at  Bernalillo, 
N.  Mex.  They  were  also  noted  forming  in  wounds  received  by 
cultivation  and  in  those  due  to  pruning.  The  pruning  knife  appar- 
ently may  disseminate  the  organism. 

In  a  vineyard  under  the  observation  of  the  writer  at  Bernalillo,  a 
vii^n  piece  of  soil  was  leveled  and  planted  with  Mission  vines  of  the 
New  Mexico  variety.  These  were  placed  on  a  terrace  slightly  lower 
than  an  older  vineyard  containing  the  badly  diseased  vines  of  an 
earlier  planting.  The  new  vineyard  was  planted  with  healthy  vines 
grown  from  cuttings  taken  from  healthy  vines.  The  vines  grew  well 
and  all  remained  healthy  for  a  year.  Then  a  careless  workman  who 
was  irrigating  by  surface  irrigation  allowed  the  water  to  break 
through  a  ridge  and  flow  directly  from  the  old  vineyard  across  the 
center  of  the  new  one.  The  following  year  the  vines  in  the  over- 
flowed portion  of  the  new  vineyard  became  diseased.  The  fourth 
year  the  disease  had  spread  by  irrigation  to  all  portions  of  the  vine- 
yard. 

In  central  California  it  was  noted  that  vineyards  that  were  sub- 
irrigated  showed  little  crown-gall,  but  those  of  the  same  varieties  in 
adjacent  vineyards  that  were  surface-irrigated  showed  much  of  the  - 
disease  in  all  portions  of  the  vineyards. 

Bees  probably  communicate  the  disease  as  carriers  of  bacteria 
found  in  the  galls  and  the  adjacent  diseased  tissues.  In  the  spring 
they  were  observed  feeding  on  the  exuding  sap  after  the  vines  were 
pruned  and  then  passing  from  diseased  vines  to  healthy  ones. 

That  the  disease  can  be  communicated  by  means  of  diseased 
cuttings  has  already  been  shown  by  the  results  of  the  experiment 
previously  described  in  this  bulletin. 

THE  CTJBE  OF  CROWN-GALL. 
NEGATIVE  RESULTS  FROM   EXPERIMENTS   WITH   FUNGICIDES. 

As  stated  on  a  previous  page,  the  experimental  plat  at  Bernalillo, 
N.  Mex.,  originally  was  planted  with  about  5  acres  of  grapevines  of 
the  Mission  (California)  variety,  and  these  became  badly  diseased. 
All  the  diseased  vines  were  treated  as  follows  in  the  spring  of  1903 
to  control  the  disease:  The  ground  was  removed  from  the  base  of 
the  vines  and  all  the  galls  cut  away;  then  the  wound  was  covered 
with  a  paste  made  of  copper  sulphate  and  lime. 

Some  of  the  vines  were  probably  killed  by  this  treatment,  but  the 
disease  was  not  checked,  as  galls  broke  forth  anew  from  the  vines  on 
other  portions  of  the  plants. 

The  following  autumn  a  portion  of  the  vineyard  was  again  treated 
as  follows:  The  vineyard  was  divided  into  blocks  of  five  rows  of  60 
vines  each.     On  three  adjacent  rows  of  vines  about  equally  diseased 
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the  soil  was  removed  around  the  base  of  the  plants,  the  galls  remoTed 
by  excision  with  a  sharp  knife,  and  the  wound  washed  with  a  fungi- 
cide. The  galls  were  cut  from  the  vines  in  an  adjacent  row,  but  no 
chemicals  were  applied.  This  row  served  as  a  wound  control.  On 
a  fifth  row  of  vines  the  galls  were  undisturbed,  as  a  further  control 
to  treatment  by  excision  and  by  the  use  of  fungicides.  This  block  of 
five  rows  made  an  experiment. 

Several  such  blocks  were  similarly  prepared  and  three  rows  treated 
in  each,  using  the  following  water  solutions  of  chemicals,  a  different 
one  in  each  block:  (1)  A  2  per  cent  solution  of  copper  sulphate;  (2) 
a  5  per  cent  solution  of  iron  sulphate;  (3)  a  2  per  cent  solution  of 
formalin.  In  a  fourth  block  the  wound  was  covered  with  powdered 
sulphur.  Four  more  blocks  were  given  the  foregoing  treatments 
except  that  each  plant  received  in  addition  an  application  of  a  fer- 
tilizer containing  bone  phosphates  and  nitrate  of  soda. 

During  the  winter  which  followed  many  vines  in  all  of  the  rows 
died,  and  of  those  that  lived  none  certainlv  recovered.  The  tows 
treated  sliowed  no  improvement  over  the  others.  The  experiment 
resulted  so  badly  that  the  vines  were  removed  and  replaced  with 
other  varieties  in  an  attempt  to  secure  resistant  varieties.  Although 
these  experiments  failed  to  accomplish  the  cure  of  the  diseased  vines 
they  can  be  considered  only  as  indicative  of  the  probable  futility  of 
curing  the  disease  by  excision  of  the  galls  followed  by  the  application 
of  a  fungicide.  They  do  not  prove  the  impossibility^  of  a  cure  by 
some  other  method  of  surgical  or  chemical  treatment. 

THE  PREVENTION  OF  CBOWN-QALL. 

The  results  of  the  studies  and  experiments  with  the  disease  indicate 
the  necessity  for  prevention  rather  than  cure.  This  can  be  accom- 
plished either  by  the  use  of  resistant  vines  or  by  grafting  nonresistant 
vines  on  resistant  stocks. 

RESISTANT  VINES  SHOULD  BE  PLANTED  ON  THEIR  OWN   ROOTS. 

In  the  experiment  previously  described,  where  24  of  the  best  vari- 
eties were  grown  in  infected  soil  to  test  their  resistance  to  attacks 
by  the  disease,  it  was  found  that  a  number  of  varieties  were  quite 
resistant  to  crown-gall,  as  follows:  Rupestris  St.  George,  FeherSza- 
gos,  Sweetwater,  Golden  Chasselas,  Seedless  Sultana,  Carignane, 
Grenache,  Gros  Colman,  and  Mataro.  The$e  varieties  will  succeed 
well  on  their  own  roots.  More  than  a  hundred  varieties  are  being 
tested  by  Prof.  Fabian  Garcia,  of  the  New  Mexico  Agricultural 
Experiment  Station,  in  an  experiment  begun  in  1904  in  coopera- 
tion with  this  Bureau  but  now  being  completed  by  the  station.   Ab 
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additional  number  of  resistant  varieties  will  be  determined  from 
this  eixperiment. 

R£8ISTANT   STOCKS    SHOULD   BE   USED   FOB   ORAFTINO   NONRESISTANT 

VARIETIES. 

The  Rupestris  St.  George  variety  gave  the  highest  degree  of  resist- 
ance to  the  disease  and  grew  vigorously.  This  variety  is  of  no  value 
except  as  a  stock  for  the  purpose  of  bench  grafting.  Its  resistance 
to  the  disease  being  very  high  makes  it  a  valuable  vine  for  this  pur- 
pose. Its  resistance  to  the  phylloxera  makes  it  doubly  valuable, 
since  sooner  or  later  this  pest  will  be  likely  to  appear  in  every  vine- 
yard region  where  European  varieties  of  grapes  are  grown. 

The  Ijenoir  variety,  used  as  a  stock  for  grafting,  is  also  valuable  as 
a  wine  grape.  Although  quite  a  number  of  vines  of  this  variety 
became  slightly  diseased  in  the  experiments,  none  were  seriously 
affected,  and  it  is  recommended  as  a  good  vine  for  the  Southwest 
wherever  the  crown-gall  has  appeared,  either  when  grown  for  its  fruit 
or  as  a  stock  for  ingrafting  more  susceptible  varieties.  It  is  not  within 
the  province  of  this  bulletin  to  enter  fully  into  the  discussion  of  all 
the  varieties  of  vines  resistant  to  the  phylloxera,  most  of  which  will 
very  probably  be  found  resistant  to  the  crown-gall. 

In  localities  where  the  ravages  of  the  disease  are  marked,  it  is  not 
advisable  to  plant  the  Mission  variety,  especially  the  Mission  from 
California,  the  Muscat  of  Alexandria,  Flame  Tokay,  Rose  of  Peru, 
Malaga,  Burgundy,  or  Riesling  varieties  unless  grafted  upon  resist- 
ant stocks. 

OTHER   MEAN6   of   PREVENTION. 

When  vines  are  grown  from  cuttings,  care  should  be  taken  to 
secure  cuttings  from  vinej^ards  free  from  the  disease.  Such  cuttings 
should  be  grown  in  soil  where  vines  have  not  been  grown  for  five 
or  more  years. 

In  planting  vines  or  cuttings  in  the  arid  regions  it  is  best  to  plant 
them  deeply,  so  that  not  more  than  one  bud  or  eye  will  remain  above 
the  soil.  This  will  protect  them  both  from  freezing  and  from  the 
burning  sun,  both  of  which  aTe  injurious  to  the  young  vines  and 
lower  their  vitality  even  though  an  entrance  of  the  disease  may  not 
take  place. 

In  case  a  vineyard  or  locality  is  free  from  crown-gall  it  is  best  to 
be  exceedingly  careful  where  vines  are  purchased  for  planting.  That 
the  nursery  is  free  from  the  disease  should  be  ascertained  before  pur- 
chasing varieties  of  European  grapes.  It  is  better,  where  possible, 
to  propagate  vines  by  bench-grafting  on  healthy  stocks  grown  at 
home  from  cuttings  selected  from  healthy  vines. 
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SXJXXABY  AND  BECOXMENBATIONS. 

The  disease  of  grapes  in  this  country  designated  as  black-knot, 
crown-knot,  root-knot,  crown-gall,  and  as  root  tumors  has  been 
known  for  many  years.  In  Europe  it  has  been  known  for  a  longer 
period  as**  Grind,"  *'Kropf,''**broussins,''  **rogna,*'**tuberculosi,"  etc. 

Two  forms  of  the  disease  occur  commonlv  on  varieties  of  T^iiis 
innifera  in  the  southwestern  and  western  .United  States.  One  form 
occurring  as  rough,  often  hard,  excrescences  on  the  canes  of  grape- 
vines is  designated  as  cane  galls  in  this  bulletin  and  is  also  known  a^^ 
*^ black-knot,"  '^Grind,"  '^broussins,"  **rogna,"  etc.  (PI.  II,  fig.  2.) 
The  other  form,  occurring  at  or  below  the  surface  of  the  ground  on 
the  crowns  and  roots  of  the  vines  in  the  form  of  soft  galls,  is  designated 
as  root  galls  in  this  paper,  but  is  also  known  as  '*  tumors,''  ''Kropf," 
^^rogna,''  and  ^Huberculosi.''     (PI.  Ill,  fig.  1.) 

The  crown-gall,  or  a  similar  disease,  is  widely  disseminated  in  many 
parts  of  the  world,  especially  where  varieties  of  Vitis  vinifera  are 
grown. 

The  entrance  of  the  disease  in  vines  is  favored  by  injuries,  such  as 
those  due  to  freezing  and  late  frosts,  to  pruning,  etc.  The  effect  of 
the  disease  is  very  destructive,  often  killing  or  stunting  nearly  all  the 
vines  in  a  vineyard  in  a  few  years,  resulting  in  a  heavy  loss  in  many 
localities,  especially  in  the  western  Ignited  States. 

The  galls  usually  develop  annually,  rotting  away  at  the  end  of  the 
growing  season,  the  rot  killing  the  adjacent  tissues  and  cutting  off 
the  circulation  of  the  vine,  having  much  th^  effect  of  a  cancer. 

A  great  variation  in  the  resistance  to  the  disease  is  shown  by  many 
varieties  of  European  and  American  grapes.  Of  European  grapes 
the  Muscat  of  Alexandria  and  .the  Mission  of  California  were  found 
to  be  the  most  susceptible  varieties.  Xo  species  of  Vitis  xnniffra 
was  found  to  be  entirely  immune.  Some  h^'brids  with  American 
varieties  possess  a  high  degree  of  resistance.  Among  these  are  the 
Rupestris  St.  George  and  other  similar  varieties.  The  Lenoir  pos- 
sesses a  high  degree  of  resistance  and  is  in  many  ways  desirable  as  a 
grafting  stock. 

In  New  Mexico  the  varieties  found  most  resistant  were  Feher 
Szagos,  Sweetwater,  Seedless  Sultana,  Carignane,  Grenache,  Gros 
Colman,  Mataro,  Black  Malvoisie,  Burger,  and  Lencir.  These  vines 
are  more  or  less  resistant  on  their  own  roots  and  are  recommended 
for  planting  in  infected  vineyards.  A  higher  resistance  to  the  disease 
can  be  obtained  by  grafting  these  or  other  desirable  varieties  on  such 
stocks  as  the  Rupestris  St.  George  and  the  Lenoir,  which  are  also 
resistant  to  phylloxera. 
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The  disease  is  communicated  in  a  number  of  ways:  (1)  By  the 
water  of  irrigation;  (2)  by  cuttings  from  diseased  plants;  (3)  prob- 
ably by  the  pruning  knife;  and  (4)  by  insects. 

As  a  protection  against  frost  injuries,  cuttings  or  young  vines 
should  be  planted  deeply  in  the  soil,  especially  in  arid  regions,  allow- 
ing only  one  bud  to  project  above  the  surface  of  the  ground. 

Cuttings  and  young  vines  should  be  secured  from  healthy  surround- 
ings. It  is  better  to  use  vines  grown  under  one's  personal  supervision 
than  to  purchase  from  a  vineyard  or  nursery  known  to  be  infected 
i^th  the  disease. 

Grapevines  should  be  pruned  in  the  spring  either  before  or  just 
after  the  period  of  sap  flow,  the  time  varying  with  the  locality.  They 
should  be  protected  in  winter  from  freezing  where  necessary,  and  the 
protective  covering  should  not  be  removed  until  the  danger  of  injury 
is  passed,  because  the  wounds  produced  by  late  frosts  afford  a  means 
of  entrance  to  the  organisms  causing  the  disease. 

Finally,  in  a  new  vineyard  resistant  vines  should  be  planted  if 
possible.  If  it  is  necessary  to  grow  nonresistant  vines  they  should 
be  grafted  on  stocks  that  are  resistant.  All  diseased  vines  should 
be  burned  as  soon  as  they  are  discovered  and  replaced  with  healthy 
resistant  vines. 
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DESCBIPTION  OF  PULTES. 

Plate  I.  Frontispiece.  A  4-year-old  Mission  grapevine  from  the  experimental  vine- 
yard at  Bernalillo,  N.  Mex.,  badly  diseased  both  above  and  below  the  saitux 
of  the  ground.  The  young  offshoot  is  the  result  of  an  attempt  on  the  part  of  the 
vine  to  renew  itself. 

Plate  II.  Fig.  1. — A  4-year-old  Muscat  of  Alexandria  grapevine  from  the  experi- 
mental vineyard  at  Bernalillo,  N.  Mex.,  badly  diseased  with  confluent  root  galls. 
Fig.  2. — Another  Muscat  of  Alexandria  grapevine  from  the  same  lot  as  that  shovn 
in  Figure  1  diseased  with  confluent  root  galls  below  and  cane  galls  above. 

Plate  III.  Fig.  1. — Root  galls  on  a  badly  diseased  Flame  Tokay  grapevine  from 
the  same  vi ney ard  as  those  shown  in  Plate  II.  ( One- third  natural  size. )  Fig.  2.  — 
A  Muscat  grapevine  diseased  with  a  globose  gall,  resulting  from  an  inoculatioQ. 

Plate  IV.  Fig.  1. — View  of  a  portion  of  the  experimental  vineyard  at  Bernalillo, 
N.  Mex.,  before  the  diseased  Mission  vines  were  replaced  with  other  varieties. 
Fig.  2. — A  view  of  a  portion  of  the  experimental  vineyard  at  Bamaliiio,  N.  Mex., 
after  it  had  been  planted  with  resistant  vines. 
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BuLLXTiN  No.   185. — Gold  Resistance  op  Alfalfa  and  Some   Factors 

Inixubncino  It.  ] 

Introductioii •" 
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Rainfall U 
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Reasons  why  alfalfas  survived  the  winter  of  1906-7 15: 
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writer  believes  that  they  may  be  greatly  improved,  and  to  the  advan- 
tage of  both  seedsman  and  farmer. 

There  are  several  possible  improvements  in  the  practice  of  veg^ 
table-seed  growing. 

(1)  Seed  growers,  dealers,  and  planters  need  to  change  their  belief 
and  practices  regarding  the  relative  importance  of  ^^  sample  '^  and 
**  stock."  •  In  many  cases  purchasers  will  choose  the  better  looking 
of  two  samples  of  seed  at  a  higher  price,  although  they  know  nothing 
of  the  stock  from  which  it  was  grown  except  that  it  is  said  to  be  of 
the  variety  named,  rather  than  the  poorer  looking  sample,  which 
though  quite  possibly  of  lower  viability,  is  known  to  have  been  grown 
from  well-bred  stock  seed.  Seedsmen  should  emphasize  far  more 
than  they  do,  through  their  salesmen,  catalogues,  and  price  lists,  the 
superior  value  of  seed  produced  from  stocks  which  are  known  to  have 
been  carefully  bre'd  to  a  certain  distinct  varietal  character.  They 
should  refuse  to  handle  seeds  which  they  do  not  know  were  grown 
from  pure  and  true  stocks.  Planters  should  not  be  tempted  by  low 
prices  to  purchase  seed  of  unknown  or  uncertain  quality,  but  should 
always  buy  that  which  they  believe  to  be  the  purest  and  truest  stock, 
paying  comparatively  little  attention  to  appearance,  or  even  to 
viability. 

(2)  The  seedsman  should  change  his  attitude  toward  the  con- 
tracting farmer,  looking  upon  him  as  a  seed  grower  rather  than  as  a 
mere  cultivator  and  making  every  effort  to  increase  his  interest  in  and 
knowledge  of  the  varietal  character  of  the  sort  of  seed  he  grows,  as 
well  as  the  special  cultural  methods  which  will  best  develop  its  dis- 
tinguishing merits.  This  would  necessitate  the  seedsman's  making  a 
greater  effort  to  place  his  growing  contracts  not  only  with  cultiva- 
tors who  are  favorably  situated  as  to  climate  and  soil  for  growing 
certain  seeds  but  with  those  who  are  likely  to  continue  to  grow  seeds 
and  by  a  better  knowledge  of  their  cultural  requirements  secure 
greater  uniformity  and  stability.  In  order  to  induce  such  men  to 
plant  seed  crops  it  might  be  necessary  to  pay  better  prices  for  grow- 
ing, but  this  would  be  more  than  balanced,  even  financially,  by  the 
elimination  of  careless  and  incompetent  growers  who  are  apt  to  fail 
to  deliver  the  expected  crop  and  through  whose  negligence  carefully 
selected  stocks  are  often  lost.  The  advantage  accruing  from  a  cli- 
entage of  experienced  and  careful  growers  interested  in  the  varietal 
characteristics  of  the  stocks  they  grow  and  who  by  greater  care  and 
better  cultural  methods  would  grow  not  only  better  seed  but  in  more 

**  Seedsmen  commoDly  use  the  word  "  sample "  as  referring  to  the  viabllltx, 
color,  and  appearance  of  a  lot  of  seed,  and  the  term  "  stock  '*  as  referring  to  tbe 
quality,  purity,  and  evenness  of  type  resulting  from  the  line  of  breeding  and 
ancestry. 
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uni:f  orm  quantities,  thus  lessening  the  liability  to  alternating  periods 
of  scarcity  and  surplus,  would  more  than  offset  the  higher  price  paid 
the  farmer. 

(3)  There  is  a  possibility  of  great  improvement  on  the  part  of  the 
farmer  grower  through  more  careful  study  not  only  of  the  particular 
crop  but  of  the  variety  best  adapted  to  his  own  conditions  of  soil 
and  climate  and  of  the  cultural  method  which  will  give  him  the 
greatest  certainty  of  a  crop  that  shall  be  bright,  clean,  highly  viable, 
and  best  suited  for  seedsmen's  use.  Many  cases  are  known  where 
ti^o  crops  from  the  same  stock  seed  were  grown  on  adjacent  farms 
by  men  wlio  were  considered  equally  good  cultivators  and  one  crop 
^was  clean,  viable,  and  thoroughly  satisfactory  for  use  as  seed  while 
the  other,  solely  because  of  difference  in  handling,  was  so  discolored 
and  lacking  in  viability  that  it  was  worthless  for  seedsmen's  use. 

Farmers  seldom  appreciate  the  importance  to  the  seedsman  of  re- 
ceiving the  full  quantity  of  seed  contracted  for.  This  in  some  cases 
is  so  great  as  to  justify  seedsmen  when  dealing  with  a  professional 
seed  grower  in  making  an  advance  of  from  10  to  50  per  cent  in  price 
for  a  guaranteed  delivery  of  the  full  amount  of  the  contract  We 
may  question  the  wisdom  of  making  a  guarantee  of  this  kind,  but 
the  fact  that  such  prices  are  paid  shows  how  important  and  valuable 
the  seedsman  regards  the  careful  handling  of  the  crop  so  as  to  secure 
the  expected  return  of  usable  seed. 

(4)  There  is  a  possibility  of  great  improvement  through  the  use 
of  better  stock  seed.  A  considerable  proportion  of  the  seed  now 
grown,  even  for  the  most  careful  of  our  seedsmen,  is  in  reality  the 
product  of  the  general  crop  rather  than  of  selected  stock  seed.  Most 
farmers,  and  even  many  seedsmen,  fail  to  adequately  appreciate  the 
practical  importance  of  absolute  uniformity  of  stock  and  that  such 
uniformity  can  only  be  secured  by  the  use  of  stock  seed  which  was 
not  only  the  product  of  plants  of  the  exact  varietal  character  desired 
but  which  had  behind  it  the  greatest  possible  number  of  generations 
of  just  such  plants. 

The  seedsman  and  farmer  should  come  to  a  very  clear  under- 
standing as  to  the  exact  form  wanted  in  each  variety.  This  should 
be  established  by  samples,  photographs,  and  full  varietal  descriptions, 
and  it  should  be  rigidly  adhered  to  in  selecting  stock  seed.  An  inter- 
ested and  intelligent  farmer  grower  who  confines  his  seed  crop  to  a 
single  variety  of  a  species  is  in  a  better  position  to  select  stock  seed, 
and  is  able  to  do  it  better  and  cheaper  than  a  seedsman,  and  he  should 
be  fully  advised  as  to  the  exact  varietal  character  wanted  and  in- 
structed to  grow  a  sufficiency  of  the  best  possible  stock  for  his  own 
crops,  if  nothing  more. 
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The  cultural  methods  which  will  give  the  best  returns  with  grain 
crops  are  generally  equally  well  adapted  to  the  growing  of  a  crop  for 
seed,  but  with  the  latter  it  is  important  that  special  care  be  taken 
that  the  seed  be  pure  and  that  the  percentage  of  viability  is  high. 
The  best  methods  for  securing  crops  of  such  seed  will  vary  with 
different  species  and  may  be  considered  separately. 

THE  GBOWING  OF  SWEET  COBN  FOB  SEED. 

The  use  of  sweet  corn,  at  least  of  the  quality  and  in  the  quantities 
now  common,  is  comparatively  modem.  Seedsmen  handled  very 
little  sweet  com  previous  to  1825  or  1830,  and  for  the  next  twenty 
or  twenty-five  years  practically  all  of  the  seed  used  came  from  New 
England.  In  later  years  the  growing  of  sweet -corn  seed  gradually 
extended  into  western  New  York,  northern  Ohio,  Michigan,  Iowa, 
and  Nebraska,  until  at  present  fully  80  per  cent  of  the  sweet-corn 
seed  produced  in  the  United  States  is  grown  at  points  west  and 
north  of  Cleveland,  Ohio.  South  of  the  latitude  of  that  city  sweet 
corn  is  so  liable  to  injury  from  the  bollworm  that  it  can  seldom  be 
profitably  grown  for  seed. 

INFLUENCE  OF  LOCATION  ON  SWEET  CORN  FOR  SEED. 

The  com  plant  is  influenced  as  to  size  of  stalk  and  earliness  of 
maturity  by  climatic  conditions,  and  this  effect  is  transmitted  through 
the  seed,  so  it  is  desirable  that  seed  of  sorts  in  which  earliness  is  an 
important  element  of  value  should  be  grown  as  far  north  as  it  can 
be  fully  ripened  and  cured. 

The  qualities  of  sweetness  and  tenderness  in  green  corn  are  also 
influenced  by  soil  and  climatic  conditions,  but  there  is  a  difference 
of  opinion  as  to  how  far  this  influence  is  carried  in  the  seed.  The 
com  packers  of  Maine  insist  that  green  corn  grown  in  the  North 
from  northern-grown  seed  is  superior  to  that  which  can  be  produced 
from  seed  grown  farther  south.  The  Maryland  packers  insist  that 
they  can  get  not  only  more  but  sweeter  and  more  tender  com  from 
seed  grown  in  their  own  locality.  In  both  cases  the  superior  results 
obtained  from  local-grown  seed  may  be  accounted  for  by  the  fact 
that  seed  grown  in  any  locality  for  a  number  of  generations  has  been 
found  by  experimentation  to  give  better  results  in  that  locality  than 
seed  of  the  same  stock  equally  well  grown  elsewhere. 

The  belief  that  the  use  of  northern  and  eastern  grown  seed  will 
result  in  better  and  sweeter  green  corn  is  so  general  that  seedsmen's 
catalogues  are  often  so  worded  as  to  give  the  impression  that  all 
the  sweet  corn  they  offer  is  grown  in  the  East,  but  very  often  seed 
bought  of  an  eastern  seedsman  and  supposed  to  be  eastern  grown 
was  actually  produced  in  the  West.    There  are  many  facts  that 
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seeni  to  indicate  that  the  gardener's  prejudice  against  western  seed 
is  ^well  founded. 

If  a  field  of  sweet  corn  is  planted  with  two  lots  of  seed  of  the 
same  variety,  one  eastern  and  the  other  western  grown,  and  ears 
as  uniform  as  possible  as  to  maturity  and  quality  are  gathered  from 
the  two  parts  of  the  field,  processed,  and  canned  in  the  same  way, 
experts  can  with  a  fair  degree  of  certainty  decide  which  lot  of  seed 
the  com  in  different  cans  was  grown  from,  and  they  will  generally 
declare  that  the  corn  from  the  eastern-grown  seed  is  the  better. 

This  difference  in  quality  is  much  more  noticeable  in  the  earlier 
than  in  the  later  maturing  sorts  and  with  some  lots  of  seed  than 
inrith  others.  The  belief  that  it  actually  exists  is  so  general  that  it 
affects  the  relative  market  value  both  of  canned  corn  and  of  sweet- 
corn  seed.  If  we  carefully  select  ears  grown  from  eastern  and  from 
"wrestern  seed  which  are  in  exactly  the  same  stage  of  maturity,  chem- 
ical analysis  fails  to  detect  any  constant  difference  in  sugar  content. 
There  is,  however,  a  slight  but  discernible  difference  in  the  size  of 
chit,  or  germ,  and  in  a  general  way  the  green  corn  from  western  seed 
is  slightly  coarser  in  texture  and  less  tender  than  that  from  eastern 
seed.     The  difference  in  quality  may  be  accounted  for  as  follows: 

The  climatic  conditions  in  the  western  corn-growing  sections,  espe- 
cially  during  the  season  when  com  is  earing,  are  often  such  as  to 
induce  a  marvelously  rapid  development — much  more  rapid  than  is 
often  seen  in  the  East.     In  the  West  it  is  sometimes  difficult  to  find  ears 
of  sweet  corn  green  enough  to  be  in  prime  boiling  condition  in  fields 
where  it  was  equally  difficult  to  find  ears  which  were  mature  enough 
to  be  palatable  forty-eight  to  seventy-two  hours  earlier.     Seed  grown 
under  such  conditions  would  often  transmit  the  rapid-maturing  habit 
of  the  plants  that  produce  it.    The  quality  of  green  corn,  particularly 
as  to  tenderness  and  sweetness,  is  very  dependent  upon  the  stage  of 
maturity  at  which  it  is  cooked,  sometimes  the  growth  of  only  a  few 
hours  affecting  the  discernible  sugar  content.     If  the  corn  in  a  field 
from  western  seed  in  which  the  rapid-maturing  habit  was  trans- 
mitted was  gathered  for  canning  when  most  of  the  ears  were  in 
prime  green-corn  condition,  some  of  the  ears  would  be  so  mature 
as  to  lower  the  average  quality  of  the  pack,  but  it  would  be  im- 
practicable to  reject  such  slightly  overmature  ears,  and  the  resulting 
poor  quality  of  the  pack  would  be  charged  to  generally  inferior 
stock  rather  than  to  the  effect  of  the  few  older  ears. 

One  indication  that  rapid  development,  with  the  consequent  short 
period  of  prime  canning  condition,  is  an  important,  if  not  the  chief, 
objection  to  western-grown  seed,  is  the  fact  that  experienced  canners 
who  insist  upon  eastern-grown  seed  of  the  earlier  sorts,  like  Crosby, 
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do  not  seriously  object  to  well-grown  western  seed  of  the  later  and 
slower  maturing  sorts,  like  Evergreen  and  Country  Gentleman. 

Whatever  may  be  the  facts  as  to  the  relative  merits  of  eastern  and 
western  grown  seed,  the  writer  believes  that  it  is  always  true  that  the 
character  of  green  corn  is  more  or  less  affected  by  that  of  the  soil  on 
which  the  seed  was  grown.  Seed  grown  in  moderately  rich  but 
warm,  well-drained,  gravelly  soils,  like  those  common  in  Connecticut, 
New  York,  Ohio,  Michigan,  Wisconsin,  and  some  sections  of  Iowa, 
Nebraska,  aiid  Minnesota,  will  give  better  and  sweeter  com  than  seed 
grown  on  very  rich  mucky  or  prairie  soils  which  would  give  large 
crops  of  field  corn.  It  appears  to  be  impossible  to  grow  on  a  cold, 
heavy  clay  soil  sweet -corn  seed  which  will  produce  green  com  of  the 
highest  quality. 

CROSS-POLLINATION. 

The  location  and  character  of  soil  are  of  less  importance  in  the 
production  of  seed  corn  from  which  the  best  results  may  be  expected 
than  that  the  fields  be  so  situated  as  to  avoid  as  far  as  possible  lia- 
bility to  mixture  through  the  pollen.  This  is  a  far  more  common 
cause  of  inferior  quality  than  is  generally  supposed.  Seed  growers 
object  to  growing  Black  Mexican  corn  because  they  say  it  crosses 
so  freely  with  other  sorts.  There  is  no  evidence,  however,  that  this 
variety  crosses  more  readily  than  others,  but  when  crosses  of  Black 
Mexican  and  other  varieties  do  occur  the  effects  are  more  readily  seen. 
Instances  are  known  where  Moore's  Concord  was  evidently  crossed 
with  Black  Mexican  corn  growing  nearly  two  miles  away;  but  in 
another  case,  where  the  Black  Mexican  and  the  Moore's  Concord 
varieties  were  planted  side  by  side  on  the  same  day,  there  was  no  indi- 
cation of  mixture  beyond  the  sixth  row  from  the  dividing  line. 

Corn  pollen  in  abundance  has  been  obtained  from  the  plumage  of 
a  blackbird,  which  must  have  flown  between  4  and  6  miles  from 
the  last  field  of  corn  visited,  and  doubtless  others  of  the  large  flock  to 
which  the  bird  belonged  carried  equal  quantities  of  pollen,  more  or 
less  of  which  they  must  have  scattered  in  the  field  of  seed  sweet  corn 
in  which  they  alighted. 

Difference  in  season  of  maturity  is  not  always  a  protection  against 
crossing.  The  writer  knows  of  a  case  in  which  there  was  clear  evi- 
dence of  mixture  in  both  directions  between  Extra  Early  Red  Cory 
and  Stowell's  Evergreen  corn  growing  side  by  side,  although  the 
Cory  was  planted  some  days  before  the  Evergreen,  but  in  another 
instance  there  was  no  sign  of  mixture  between  the  Cory  and  the 
Black  Mexican  varieties  planted  side  by  side  on  the  same  day,  all  of 
the  silk  and  the  tassels  of  the  Cory  being  ripe  and  dry  before  even 
the  earliest  tassel  appeared  on  the  Black  Mexican,  and  in  this  case 
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there  were  no  late-blooming  suckers  on  the  Cory  to  furnish  pollen 
for  the  earliest  Black  Mexican  plants. 

In  another  instance,  where  two  sorts  of  corn  were  separated  by  a 
thick  grove  of  tall  trees  about  4  rods  wide,  there  was  no  sign  of  mix- 
tiii'e,  but  just  beyond  the  grove,  where  the  lots  of  corn  were  separated 
by  an  equal  width  of  grass  land,  there  was  abundant  evidence  of 
crr>ssing. 

In  another  case,  where  two  sorts  were  separated  by  a  thick  osage 
hedge  not  over  12  feet  high,  there  was  no  indication  of  crossing 
within  8  or  10  rods  of  the  hedge,  while  beyond  that  distance  there 
were  manv  crosses. 

Experience  shows  that  neither  a  distance  less  than  several  miles 
nor  any  varietial  difference  can  be  relied  upon  as  a  certain  protection 
against  a  mixture  of  pollen.  In  most  farming  regions  it  is  impracti- 
cable to  locate  a  field  of  seed  corn  so  as  to  guarantee  that  there  shall 
be  no  mixture  through  pollen,  though  much  can  be  done  to  lessen  the 
probability  of  a  mixture.  How  this  may  be  best  accomplished  is  a 
different  problem  in  each  case.  Usually  the  most  practical  way  is  to 
plant  each  lot  of  seed  as  far  as  possible  from  any  other  corn,  and 
also  to  have  as  much  difference  as  possible  in  the  dates  of  ripening 
of  the  seed  corn  and  of  the  corn  in  the  nearest  field. 

Fortunately,  the  effect  of  crossing  in  corn  is  rarely  masked  for  a 
number  of  generations,  as  it  often  is  in  leguminous  plants.  It  fre- 
quently shows  so  plainly  in  the  grain  which  is  the  immediate  result 
of  the  cross  that  much  of  the  hybrid  corn  can  be  removed  by  careful 
sorting  before  shelling,  and  it  is  well  to  throw  out  the  whole  ear 
rather  than  to  pick  out  the  mixed  grain,  as  is  the  common  practice, 
l>ecause  crossing  does  not  always  change  the  appearance  of  the  grain 
the  fii'st  season,  and  there  is  a  strong  probability  that  on  an  ear  on 
which  crossed  grains  are  visible  there  are  other  crossed  grains  which 
show  no  external  sign  of  mixture. 

CULTURAL  METHODS  FOR  THE  PRODUCTION  OF  SWEET  CORN  FOR  SEED. 

In  a  general  way  the  fertilization  and  preparation  of  the  soil  and 
the  methods  of  culture  which  will  give  the  best  results  with  field 
corn  will  be  equally  effective  with  sweet  corn,  but  because  of  liability 
to  crossing  with  volunteer  plants  it  is  important  that  a  crop  for  seed 
corn  should  not  follow  one  of  any  other  variety  of  corn  and  that 
care  should  be  taken  to  prevent  bringing  into  the  field  viable  grains 
of  corn  and  spores  of  corn  smut  or  other  corn  diseases  in  stable 
manure  or  by  stock. 

Sweet-corn  seed  is  usually  of  lower  vitality  than  that  of  field  sorts, 
and  planting  should  be  delayed  until  the  soil  is  well  prepared,  warm, 
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and  dry,  special  care  l^eing  taken  that  the  seed  is  not  covered  too  deep. 
The  small-growing,  extra-early  sorts,  like  Cory,  Crosby,  etc.,  may  be 
planted  in  drills  as  close  as  8  feet  apart  or  in  hills  3  feet  apart  each 
way  and  so  as  to  secure  from  four  to  eight  plants  to  the  yard  of 
drill  or  three  or  four  plants  to  the  hill. 

The  stronger  growing  sorts,  like  Evergreen  and  Country  Gentle- 
man, partly  because  of  their  greater  liability  to  abundant  suckering, 
need  even  more  room  than  most  varieties  of  field  com  and  should  be 
planted  in  drills  42  to  60  inches  apart  or  in  hills  the  same  distance 
from  each  other  and  so  as  to  secure  two  or  three  stalks  to  the  hill  or 
to  the  yard  of  drill.  Experience  has  demonstrated  that  with  seed 
sweet  corn  equally  large  yields  and  better  matured  seed  can  be  ob- 
tained from  a  somewhat  thinner  stand  than  would  give  the  largest 
yield  of  field  corn. 

HARVESTING. 

The  value  of  seed  corn,  especially  sweet  corn,  is  largely  dependent 
on  the  way  it  is  gathered  and  cured.  The  average  American  farmer 
has  drifted  into  such  careless  methods  of  handling  corn  tliat  it  is 
hard  for  him  to  recognize  and  use  the  care  necessary  for  the  pro- 
duction of  good  seed.  The  crop  should  be  harvested  as  soon  as  the 
grain  has  fully  passed  into  the  dough  state.  The  stalks  should  be  cut 
and  put  into  small  shocks,  but  vseed  sweet  com  can  very  rarely  be 
well  cured  in  shocks,  no  matter  how  small  or  how  carefully  they 
may  be  set  up. 

As  soon  after  cutting  as  the  stalks  are  well  wilted,  which  will 
usuallv  be  in  from  three  to  six  davs,  the  corn  should  be  husked  and 
put  into  the  drying  cribs.  It  is  important,  especially  with  the  short- 
stalked  early  sorts,  that  this  be  done  promptly.  If  allowed  to  stand 
long  in  the  shock  the  stalks  will  settle  so  that  the  ears  are  likely  to 
come  in  contact  with  the  soil  and  the  grain  be  injured  in  appearance 

and  viabilitv. 

Some  growers,  particularly  those  of  Connecticut  and  Ohio,  do  not 
put  the  stalks  into  shocks,  but  go  through  and  "  top  "  or  remove  the 
I)art  above  the  ear,  and  sometimes  slip  down  the  husk  so  as  to  fully 
expose  the  grain  to  the  sun  and  wund,  when  it  will  dry  out  very  rap- 
idly and  perfectly  and  can  be  gathered  from  the  standing  stalk.  A 
disadvantage  of  this  method  is  that  if  such  "  stripped  "  corn  is 
exposed  to  even  a  slight  frost  before  it  is  quite  dry  its  viability  as 
well  as  its  vitality  is  lessened,  often  entirely  destroyed.  i 

In  the  Western  States  there  is  usually  so  little  rain  and  such  high  j 
dry  winds  are  prevalent  during  the  autumn  months  that  harvesting 
can  often  be  safely  delayed  until  the  corn  is  nearly  cured  in  the  field 
on  the  still  standing  stalks,  and  then  the  com  can  be  gathered  directly 
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into  large  cribs  to  complete  the  drying;  but  even  here  early  hiiKkhig 
and  cribbing  are  desirable. 

Tlie  best  way  to  handle  sweet  corn  in  the  fiehl  is  to  husk  into  bns- 
kets  or  crates,  as  there  is  liability  to  serious  injury  by  dirt,  shoivers, 
or  breaking  of  the  skin  if  the  ears  are  tiirown  on  the  ground  or  into 
8  wagon,  and  if  this  occurs  while  some  of  the  giains  are  still  in  the 
milk  they  will  become  discolored  and  so  injure  the  appearauL-e  of 
the  lot  of  seed  as  to  render  it  unsalable, 

Ct  RINO  ANn  DRIINO, 

The  essentials  to  the  proper  curing  of  sweet  com  are  that  each  and 
every  ear  shall  be  exposed  to  circulating  air  until  the  grain  is  per- 


fe<-tly  dry  and  that  this  be  accomplished  without  exposure,  even  for 
a  few  hours,  to  a  temperature  below  34°  or  3''>°  F.  The  vitality  of 
green  corn  while  it  is  slill  in  the  milk  or  dough  state  will  be  de- 
stroyed by  long  exposure  to  a  low  temperature,  even  if  it  be  one  sev- 
eral degrees  above  the  freezing  point,  but  as  the  grain  matures  and 
dries  out  it  will  endure  lower  temperatures  without  serious  injury, 
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although  long  exposure  to  tt-inperatures  much  below  3'2"  F.  le;«eiis  its 
vitality. 

One  of  the  best  and  safest  nays  to  cure  seed  corn  is  that  commonly 
practiced  by  the  New  England  growers,  the  corn  being  spread  in  open 
sheds  or  barns  on  scaffolds  formed  of  rails  or  slats  so  placed  as  to 
allow  the  air  to  pass  fi-eely  between  them.  The  corn  shonld  be  .spreaii 
very  thinly  at  first — not  more  than  two  or  thi'ee  ears  deep — or.  better 
still,  in  n  sinjrle  layer,  but  it  may  be  piled  deeper  as  it  dries  out.  nire 
lieing  taken  not  to  do  this  until  the  com  is  so 
dry  that  it  will  not  mold.     (See  fig.  1.) 

A  second  method  of  curing  seed  com  is  by 
the  Use  of  drying  sticks  about  1  by  2  or  3  inche? 
and  about  4  feet  long.  Old  fence  pickets  are 
often  used  for  this  purpose.  They  are  pre- 
pared as  follows:  Bore  a  half-inch  hole  iibont 
2  inches  from  the  end,  and  drive  into  each  of 
the  four  sides  of  the  stick,  about  3  inches  ajwri. 
!i  series  of  eightpenny  or  tenpenny  round-headei? 
wire  nails,  so  that  they  will  enter  the  wood 
about  9  inch  and  project  at  n  uniform  angle  of 
l)etween  15  and  20°  toward  the  end  of  the  stick 
having  the  hole.  On  each  nail  jam  the  hiitl 
of  an  ear  of  corn  so  that  the  ears  stand  out 
in  four  directions  from  the  sticks,  which  shoiiM 
then  be  hung  on  nails  in  the  rafters  of  a  low, 
o|)en  shed  or  on  scantling  placed  at  proper 
distances  apart  in  such  a  building  as  a  to- 
bacco shed,  Tt  takes  some  time  to  stick  the 
ears  on  the  nails,  but  when  this  is  done  the 
corn  can  be  well  cured  with  little  further  atten- 
tion.    (See  fig.  2.) 

A  third  method  is  to  husk  into  lath  crates 

holding  from  1  to  2  bushels  of  ear-,  and  stack 

i-i.;.  :;.— lOara  of  bwp«     these  cratcs  either  in  the  field,  well  protccte'l 

.iini  on  drying  :"lielm.  .  ,.       a  >>  i  i 

from  rain,  or  on  the  floor  of  barn;-  where  there 
is  a  full  cin-uliition  of  air.  In  either  case  the  crates  should  be  so 
stacked  that  the  wind  can  pas>  freely  through  and  between  them. 

A  fourth  method,  requiring  fewer  special  facilities  but  greater  care, 
is  to  put  the  corn  into  rail  or  slat  cribs  built  quite  open  and  not  over 
20  to  30  inches  wide  at  the  bottom,  but  wider  at  the  top.  In  RUing 
these  cribs  spread  the  corn  to  a  depth  of  from  12  to  18  inches,  and 
then  phico  a  series  of  slats  about  2  feet  apart  across  the  crib  and 
just  HlH»ve  though  not  resting  on  the  corn,  lieing  fully  supported  by 
the  sides  of  the  crib.     Fill  in  12  to  IS  inches  of  corn  above  these 
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slats;  then  place  a  second  layer  of  slats  in  the  same  way,  but  so  as 
to  break  joints  with  the  first  layer,  and  repeat  until  the  crib  is  full. 

These  slats  are  to  prevent  the  corn  settling  together  so  as  to  hinder 
the  free  access  of  air.  The  cobs  of  sweet  corn  are  not  so  stiff  as  those 
of  the  field  varieties,  and  if  green  or  partially  dried  ears  are  piled 
without  support  they  will,  even  in  a  very  narrow  crib,  settle  together 
so  as  to  prevent  thorough  drying. 

Seed  sweet  corn  can  be  cured  so  as  to  obtain  a  fine  crop  of  high 
viability  by  any  of  the  preceding  or  similar  methods,  but  it  is  essen- 
tial that  the  work  be  done  promptly,  so  as  to  take  advantage  of  bright 
weather  and  secure  the  thorough  drying  out  of  the  corn  before  it  is 
exposed  to  continuous  damp  or  freezing  weather.  It  is  rarely  possi- 
ble to  secure  a  good  lot  of  seed  of  high  viability  if  the  work  of  curing 
is  delayed  until  after  the  season  when  favorable  weather  conditions 
can  be  expected. 

It  is  possible  to  cure  corn  by  artificial  heat,  but  this  requires  the 
most  skillful  use  of  warmed — not  hot — air,  kept  in  constant  motion. 
Even  with  these  precautions  there  is  always  a  liability  of  the  corn 
being  ruined  for  seed  purposes  by  mold,  rot,  or  overheating,  and  for 
these  reasons  the  method  is  not  recommended. 

As  soon  as  the  corn  is  perfectly  dry  it  may  be  shelled,  though  it 
will  generally  keep  much  better  on  the  cob.  In  a  temperature  below 
freezing,  corn,  either  on  the  ear  or  shelled,  will  seem  to  be  dry  when 
it  is  not.  Before  shelling,  it  is  therefore  well  to  make  a  test  sample 
of  a  quart  or  more,  composed  of  a  few  grains  from  a  great  number  of 
representative  ears.  If  this,  after  standing  for  a  day  or  two  in  a 
temperature  considerably  above  freezing,  becomes  soft  and  damp,  the 
shelling  should  be  delayed  until  the  corn  is  quite  diy. 

Well-cured  corn  is  easily  shelled  by  machine,  by  flails,  or  by  hand, 
and  the  grain  should  be  immediately  run  through  a  fanning  mill, 
when  it  may  be  sacked,  but  it  should  be  closely  watched,  and  if  it 
does  not  remain  perfectly  dry  in  a  temperature  above  freezing  it 
should  be  again  fanned  and  spread  to  dry,  and  this  process  repeated 
on  the  least  indication  of  the  presence  of  moisture. 

In  order  to  produce  good  sweet-corn  seed  one  must  be  prompt  to 
cut  it  when  ripe,  husk  it  as  early  as  possible,  and  immediateh'^  get  it 
under  shelter  where  it  will  be  exposed  to  every  wind  that  blows  until 
it  is  thoroughly  dry,  using  every  hour  of  bright  sunshine  in  order  to 
accomplish  this  before  freezing  weather. 

AVERAGE  YIELD  OBTAINED  AND  PRICES  PAm. 

The  return  of  usable  seed  varies  greatly,  and  is  affected  not  only 

by  the  variety  and  the  weather,  soil,  and  cultural  conditions,  but  by 
the  care  with  which  the  crop  is  gathered  and  cured.     A  seedsman 
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to  whom  a  surplus  is  not  objectionable  will  contract  on  a  basis  of 
5  or  0  acres  of  the  earlier,  lighter-yielding  sorts  and  3  or  4  acres  of 
the  larger  kinds  per  100  bushels  wanted ;  but  one  to  whom  a  shortage 
is  preferable  to  a  surplus  will  limit  his  contracts  to  3  or  4  acres 
of  the  earlier  and  2  or  3  acres  of  the  larger  sorts  per  100  bushels 
wanted.  In  both  cases  allowance  is  made  for  the  liability  of  total 
failure  of  some  of  the  crops. 

The  prices  paid  for  growing  vary  greatly  with  the  season,  being 
much  lower  after  seveh  fat  years  than  after  seven  lean  ones;  at 
present  they  range  from  70  cents  to  $1.15  a  bushel  of  50  j>ounds 
for  the  easier  grown  sorts,  and  from  $1.10  to  $1.50  for  the  lighter- 
yielding  sorts  and  for  those  requiring  greater  care  in  curing. 

UNIT  OF  MEASUREMENT. 

Although  contracts  are  sometimes  made  per  100  pounds,  the  more 
common  unit  is  the  ''  struck  bushel,"  which  is  assumed  to  weiffh  50 
pounds;  but  the  actual  quantity  which  the  term  stands  for  varies 
greatly,  not  only  with  the  sort,  but  with  the  condition  and  character 
of  both  the  stock  and  the  sample,  and  ranges  from  as  low  as  37 
pounds  in  a  vei-y  dry  sample  of  a  choice  stock  of  Evergreen  or 
Country  Gentleman  corn  to  53  to  50  pounds  in  a  poorly  cured  sample 
of  the  Minnesota  variety. 

MINIMUM    ACCEPTABLE    VIABILITY. 

The  minimum  percentage  of  viability  accepted  by  seedsmen  on 
growing  contracts  ranges  from  75  to  85  in  years  of  scarcity  to  90  or 
even  05  in  years  of  plenty.  There  is  {^ome  excuse  for  this  variation 
in  the  fact  that  corn  of  low  viabilitv  at  harvest  often  deteriorates 
quite  rapidly  and  is  practically  worthless  the  second  year,  while 
that  of  high  viability  kept  under  favorable  storage  conditions  will 
germinate  nearly  as  well  the  second  or  even  the  third  or  the  fourth 
vear  as  the  first,  and  in  a  short  vear  there  is  little  likelihood  of  the 
necessity  of  carrying  over  stock,  while  it  is  probable  that  a  part  at 
least  of  the  crop  in  a  full  year  wull  have  to  be  carried  until  the  next 
season.  Seedsmen  often  claim  the  right  to  purchase,  at  a  reduction 
in  price  corresponding  to  its  inferiority,  a  crop  of  seed  grown  under 
contract  which  is  below  acceptable  viability  or  which  is  so  imper- 
fectly cleaned  as  not  to  be  suitable  for  seed. 

GBOWING  STOCK  SEED  OF  SWEET  COBN. 

The  structure  of  the  floral  organs  of  the  corn  plant  is  such  as  to 
secure  under  normal  conditions  more  or  less  complete  cross- fertiliza- 
tion, and  it  has  been  found  that  there  is  liability  to  rapid  loss  of  vege- 
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tative  vigor  in  plants  which  aie  persistently  self-fertilized.  This,  in 
connection  with  the  fact  that  it  is  difficult,  if  not  impossible,  under 
ordinary  farm  conditions  to  prevent  more  or  less  cross-pollination, 
leads  to  methods  and  practices  in  growing  stock  seed  coni  which 
differ  materially  from  those  that  give  the  best  results  with  most  vege- 
tables. Instead  of  trying  to  isolate  the  stock  blocks,  it  is  suggested 
that  they  be  located  near  the  center  of  the  largest  available  field 
of  the  variety  and  that  the  selection  of  breeding  stock  be  made  as 
f  oUo^ws : 

First,  formulate  a  very  clear  conception  of  precisely  what  an  ideal 
plant  of  the  sort  to  be  grown  should  be,  not  only  as  to  grain  and  ear, 
but  as  to  stalk,  leaf,  husk,  silk,  and  tassel,  for  this  is  essential  to  the 
raising  of  the  best  seed  of  the  sort.  With  this  conception  in  mind  or, 
what  is  far  better,  clearly  written  out  and  illustrated  by  photograph, 
go  into  a  field  of  the  sort  at  the  time  the  plants  are  coming  into  silk 
and  mark  with  a  string,  or  a  bit  of  cloth,  or  in  some  way  a  number 
of  stalks.  It  is  wise  to  select  at  least  a  hundred  plants  which  are  as 
nearly  alike  and  typical  of  the  sort  as  can  be  found. 

When  the  grain  is  in  the  dough  state,  assemble  the  marked  stalks 
and,  after  stripping  down  the  husks,  very  carefully  select  and  tag 
those  in  which  the  ear  and  the  grain  are  nearest  to  the  ideal.  The 
ears  from  each  of  these  selected  plants  should  be  carefully  num- 
bered, dried,  and  stored.  The  next  spring  mark  out,  near  the  center 
of  the  largest  available  field  of  the  sort,  a  block  of  4,  9,  or  16  square 
rods  for  each  of  the  selected  ears,  and  plant  each  block  with  seed 
from  one  of  the  selected  plants. 

It  is  wise  in  making  the  planting  to  reserve  at  least  one-fifth  of 
the  seed  on  each  ear,  not  only  for  replanting  if  necessary,  but  so  that 
reference  may  be  made  to  the  exact  character  of  the  parent  stock. 
WTien  the  corn  is  coming  into  silk,  carefully  go  over  the  blocks  and 
select  those  in  which  the  plants  in  stalk,  leaf,  husk,  silk,  and  tassel 
are  most  uniformly  of  the  desired  character,  rejecting  the  plants 
which  show  the  greatest  variation,  even  if  some  of  them,  as  will  in 
all  probability  be  the  case,  are  among  the  most  perfect  plants  in  the 
field. 

When  the  corn  is  passing  into  the  dough  state  go  over  the  selected 
blocks  and,  stripping  down  the  husks,  select  the  blocks  in  which  the 
ears  are  most  uniformly  of  the  desired  varietal  character,  rejecting 
as  in  the  selection  of  the  individual  plants,  all  the  ears,  no  matter 
how  perfect  they  may  be,  from  the  blocks  showing  greatest  variation. 
As  a  rule  it  will  be  best  to  select  several  blocks  in  order  to  avoid  the 
loss  in  vegetative  vigor  which  in  the  corn  plant  often  follows  too 
close  breeding. 
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From  the  chosen  blocks  select  a  number  of  the  most  perfect  ear^^ 
to  be  tagged,  numbered,  kept  separate,  and  again  planted  in  separate 
blocks  the  next  season.  The  balance  of  the  corn  from  the  selected 
blocks  can  be  gathered  and  the  better  ears  bulked  and  used  the  fol- 
lowing season  for  planting  the  field  in  which  the  seed  blocks  are  to  be 
located. 

Working  in  this  way,  never  losing  sight  of  or  changing  the  ideal 
varietal  characteristics  of  the  sort,  always  selecting  from  the  most 
uniform  lot,  resisting  the  temptation  to  use  an  exceptionally  perfect 
ear  found  in  a  variable  block,  one  can  in  a  few  vears  establish  strains 
which  will  be  greatly  superior  in  practical  value  to  most  of  the  seed 
now  used. 

THE  GBOWING  OP  GABDEN  BEANS  FOB  SEED. 

The  bean  plant,  particularly  if  it  be  one  of  our  garden  varieties,  is 
exceedingly  sensitive  to  unfavorable  conditions  of  heat  and  moisture. 
If  the  soil  is  damp,  but  not  quite  moist  enough  to  secure  good  germina- 
tion, the  seed  will  "  malt "  or  sprout  and  die ;  if  it  is  only  a  little 
too  wet  the  seed  will  germinate,  but  die  without  expanding  its  true 
leaves. 

Young  bean  plants  would  be  killed  or  permanently  dwarfed  by  a 
drenching  rain  which  would  have  no  permanent  effect  upon  a  young 
plant  of  corn.  If  wHen  the  plants  are  in  flower  the  supply  of 
moisture  is  shortened,  either  by  drought  or  by  injury  to  the  roots 
through  too  close  or  too  deep  cultivation,  so  that  the  plants  wilt,  be  it 
ever  so  little,  the  pods  will  fail  to  fill,  and  it  is  very  seldom  that  the 
hiter-maturing  pods  on  the  plant  will  be  any  better,  even  if  more 
favorable  conditions  bring  out  an  abundant  bloom. 

From  the  starting  of  the  seed  into  growth  to  the  storage  of  the 
ripened  grain,  beans  are  exceedingly  sensitive  to  unfavorable  condi- 
tions of  moisture.  In  spite  of  this,  seed  beans  will  often  prove  a 
profitable  farm  crop  on  good  land  anywhere  in  the  United  States 
north  of  latitude  40''  or  41°  and  east  of  the  Dakotas.  South  of  lati- 
tude 41°  beans  are  so  liable  to  injury  by  the  bean  weevil,  and  in  much 
of  the  countiy  west  of  central  Wisconsin  the  crop  is  so  likely  to  be 
cut  off  by  dry,  hot  winds  at  the  time  the  plants  are  in  flower,  that 
seed  beans  are  rarely  profitable  for  many  successive  seasons,  though 
some  veiy  fine  crops  of  seed  beans  have  been  grown  in  Minnesota 
and  the  Dakotas. 

LIMA  AND  POLE   BEANS. 

Seed  of  Lima  beans,  as  well  as  of  pole  varieties  of  garden  beans, 
can  l)c  very  profitably  grown  along  the  western  coast  of  California, 
where  the  night  winds  from  the  ocean  furnish  the  necessary  moisture 

184 


THE  GBOWINO  OF  GARDEN   BEANS  FOR  SEED.  25 

and  the  crop  seldom  suffers  from  drenching  rams.  Of  late  years 
seed  of  garden  bush  beans  has  also  been  grown  to  some  extent  in 
northern  California,  where  there  is  le^  liability  to  disease  than  in  the 
bean-growing  sections  of  the  East,  but,  in  general,  CaUfomia  crops 
are  grown  on  farms  wholly  devoted  to  growing  seed  rather  than  as  a 
part  of  the  regular  rotation  of  mixed  farming. 

GARDEN    BEANS. 

Garden  beans  have  developed  into  many  quite  distinct  varieties 
adapted  to  different  soils,  and  it  is  quite  essential  to  their  profitable 
culture  as  a  seed  crop  that  one  plant  the  sorts  best  suited  to  his  par- 
ticular' soil  conditions.  This  can  only  be  learned  through  test 
plantings  of  the  different  sorts. 

It  will  generally  be  found  that  varieties  with  thick,  fleshy  pods, 
like  the  Valentine,  do  best  on  rich  clay  soils  and  are  apt  to  fail  on 
light  sandy  ones,  where  such  sorts  as  the  Long  Yellow,  which  rarely 
succeeds  on  clay  soil,  would  give  their  best  crops.  Generally  the 
large,  wax-podded  sorts,  like  Kidney  Wax,  give  their  best  returns  on 
rich  black  lands,  where  the  flat,  green-podded  sorts  would  be  apt  to 
"  run  to  vine,"  with  small  return  of  seed.  Most  of  the  wax-podded 
sorts,  particularly  those  with  fleshy  pods,  require  rich,  strong,  moist 
soils,  while  the  smaller,  flat,  green-podded  sorts  will  often  give  good 
returns  on  light,  warm,  sandy  soils  on  which  other  kinds  would  do 
poorly. 

SOUi  AND  CLIMATE. 

Conditions  of  soil  and  climate  often  greatly  modify  the  character 
of  bean  plants,  particularly  as  to  the  size  and  smoothness  of  the 
leaves  and  the  size,  fleshiness,  and  color  of  the  green  pods  and  beans. 
The  relative  size  and  color  of  the  dry  seed  are  very  largely  affected 
by  the  climatic  conditions  at  the  time  of  ripening,  but  differences  in 
these  respects,  even  when  they  are  continued  for  several  seasons,  are 
not  transmitted  in  any  appreciable  degree  through  the  seed. 

Liima  and  other  pole  beans  grown  without  poles  in  southern  Cali- 
fornia for  many  generations  take  to  poles  as  well  and  mature  as  early 
as  the  same  sorts  grown  on  poles  in  Connecticut.  Certain  diseases, 
such  as  anthracnose  and  rust,  are  often  carried  in  the  seed,  and  there 
is  great  practical  advantage  in  the  use  of  seed  which  is  the  product 
of  healthy  plants. 

LOCATION  OF  BEAN   CROPS  FOR  SEED. 

The  structure  of  the  flowers  of  the  bean  seems  to  guard  against 
cross-pollination  as  effectually  as  that  of  the  flowers  of  the  com 
plant  provides  for  it,  and  seedsmen  do  not  generally  ask  that  growers 
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shall  isolate  fields  of  diflFerent  varieties,  though  they  often  insist  that 
crops  of  different  sorts  shall  be  stored  and  handled  in  separate 
buildings. 

The  cultural  methods  which  will  give  the  best  crop  of  seed  beans 
do  not  differ  materially  from  those  used  in  growing  beans  for  com- 
mercial purposes,  and  these  methods  have  been  so  well  and  fully 
stated  in  Farmers'  Bulletin  289  that  it  is  useless  to  repeat  them  here. 
It  may  be  well,  however,  to  refer  to  some  minor  differences  in  cul- 
tural methods  and  requirements. 

No  matter  how  well  founded  may  be  the  claim  of  some  bean  growers 
that  with  commercial  beans  greater  profit  will  come  from  heavy 
seeding,  certainly  better  seed  beans  can  be  grown  by  light  seeding. 
There  is  a  great  difference  in  the  quantity  of  seed  needed  with  differ- 
ent varieties,  8  to  12  quarts  to  the  acre  being  as  liberal  a  seeding  for  a 
small-seeded  but  large-vined  sort,  like  the  Crystal  White  Wax,  as  a 
full  bushel  would  be  for  some  of  the  larger  varieties,  like  the  Flageo- 
let. The  cost  of  growing  seed  beans  is  somewhat  increased  by  the 
work  of  "  roguing "  out  the  mixed  and  inferior  plants,  but  when 
good  stock  seed  is  used  there  should  not  be  more  than  one  "  rogue  " 
plant  to  every  10  or  20  rods  of  drill ;  often  there  will  not  be  more  than 
one  to  50  or  100  rods. 

Many  sorts  of  garden  beans  can  be  grown,  gathered,  thrashed,  and 
fitted  for  market  at  less  cost  than  field  beans,  and  they  generally 
yield  fully  as  much  to  the  acre ;  but  other  sorts,  particularly  some  of 
the  large,  fleshy,  wax-podded  varieties,  require  richer  soil  and  a  great 
deal  more  care  in  curing  and  thrashing,  and  they  generally  yield  less 
to  the  acre. 

The  labor  necessary  to  thrash  and  clean  seed  beans  is  largely  gov- 
erned by  weather  conditions  at  the  time  of  harvest.  The  appearance 
of  the  sample  is  very  dependent  upon  the  skill  of  the  thrasher.  The 
lot  secured  by  one  man  will  contain  so  many  split  beans,  and  those 
covered  with  sections  of  pods,  that  it  can  not  profitably  be  made 
fit  for  seedsmen's  use,  while  another  man  with  the  same  machine  will 
secure  a  fairly  clean  lot  from  the  same  crop.  The  labor  and  skill 
necessary  to  obtain  a  good  result  are  also  quite  dependent  upon  the 
variety. 

The  pods  of  some  of  the  very  fleshy,  wax-podded  sorts  shrink 
down  about  the  beans  and  in  thrashing  break  so  as  to  leave  many 
of  the  beans  incased  in  sections  of  the  pod.  It  is  sometimes  neces- 
sary to  run  the  seed  of  such  sorts  through  a  "  rubber  "  made  of  a 
cylinder,  with  many  teeth  about  one-fourth  of  an  inch  long  and 
three-eighths  of  an  inch  in  diameter,  revolving  comparatively  slowly 
against  concaves  covered  with  ribbed  rubber  or  very  coarse,  heavy 
canvas.     On  account  of  the  difficulty  in  growing  and  thrashing  some 
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varieties,  seedsmen  should,  and  commonly  do,  make  a  difference  in 
the  prices  paid,  though  often  this  difference  is  not  sufficient  to 
balance  the  actual  difference  in  the  cost  of  growing,  thrashing,  and 
lecleaning. 

YIELD  PER  ACRE  AND  PRICES  PAID. 

As  with  sweet  com,  the  yield  varies  greatly  with  the  variety, 
season,  soil,  and  the  skill  and  carefulness  of  the  grower.  It  ranges 
from  10  to  30  bushels  per  acre,  with  phenomenal  yields  up  to  40  or 
even  60  bushels,  a  yield  of  10  bushels  being  comparable  as  to  quan- 
tity with  one  of  18  to  20  bushels  of  wheat.  Seedsmen  generally  base 
the  area  contracted  for  on  a  yield  of  8  to  12  bushels  to  the  acre. 

The  prices  paid  farmers  for  growing  beans  vary  with  the  season 
and  are  more  influenced  by  the  ruling  prices  for  commercial  beans 
than  is  the  case  with  corn.  At  present  they  range  from  $1.30  to 
$2.30  a  bushel  for  the  sorts  which  are  most  easily  grown  and  thrashed, 
and  from  $1.50  to  $2.50  for  those  which  require  greater  care  and 
labor.  Prices  for  growing  Lima  and  pole  beans  range  from  $2.75 
to  $4  a  bushel. 

UNIT  OF  MEASUBEMENT. 

The  unit  of  measurement  in  farmers'  contracts  for  growing  beans 
is  usually  a  nominal  bushel  of  sufficient  weight  to  leave  60  pounds 
after  all  cleaning  and  hand  picking  necessary  to  make  the  beans  fit 
for  seedsmen's  use.  There  is,  however,  a  difference,  sometimes 
amounting  to  from  5  to  10  per  cent,  in  the  actual  weight  of  the  same 
bulk  of  equally  clean  and  well-cured  lots  of  different  varieties. 

MINIMUM  ACCEPTABLE  VIABILITY. 

The  minimum  percentage  of  viability  accepted  by  seedsmen  on 
growing  contracts  varies  somewhat  in  different  seasons  and  with 
different  varieties  of  beans,  and  runs  from  80  to  95  per  cent.  There 
is  less  excuse  for  variation  in  the  percentage  of  acceptable  viability 
with  beans  than  with  corn,  for  beans  usually  grow  as  well  the  second 
season  as  the  first,  and  a  large  proportion  of  the  beans  which  are  not 
viable  will  be  removed  in  hand  cleaning. 

Their  appearance  is  an  important  factor  in  determining  the  ac- 
ceptability of  beans,  and  any  distinct  stain  or  discoloration  on  as 
many  as  8  or  10  per  cent  of  the  beans  justifies  their  rejection,  even 
if  they  be  of  high  viability.  Seedsmen  claim  the  right  to  purchase, 
at  an  equitable  reduction  in  price,  beans  grown  under  contract  which 
from  discoloration  or  want  of  viability  are  not  acceptable  on  the 
terms  of  the  contract. 
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GBOWING  STOCK  SEED  OF  QABDEN  BEAKS. 

In  growing  stock  seed  of  garden  beans,  even  more  than  with  com, 
the  first  requisite  is  a  very  clear  conception  of  what  constitutes  an 
ideal  plant  of  the  sort,  and  this  should  extend  to  all  of  its  parts, 
for  very  often  the  first  indication  of  an  accidental  crossing*  which 
will  ultimately  ruin  the  stock  is  in  some  slight  change  of  no  economic 
importance.  In  the  bean  plant  the  result  of  crossing  is  seldom  seen 
in  the  seed,  and  sometimes  is  not  noticeable  in  any  part  of  the  plants 
which  are  the  immediate  product  of  the  cross.  Generally,  crossing 
is  first  manifested  in  some  inconspicuous  way,  such  as  in  the  size  or 
the  color  of  the  flower,  in  the  form  or  the  tint  of  the  marking  of  the 
seed,  or  in  the  shape  or  the  color  of  the  point  of  the  pod ;  but  these 
are  premonitions  of  changes  in  subsequent  generations  which  will 
render  the  stock  worthless  and  which  it  will  be  practically  impossible 
to  eradicate  by  the  most  careful  roguing. 

In  starting  a  foundation  stock  one  should  most  carefully  select  a 
few  plants  which  in  habit  of  growth,  in  leaf,  flower,  pod,  and  in 
every  way  are  of  the  exact  varietal  character  wanted.  The  seed  of 
these  selections  may  with  reasonable  safety  be  planted  side  by  side, 
but  each  plant  should  be  carefully  examined,  and  the  whole  of  any 
lot  in  which  a  single  plant  shows  variation  that  seems  to  have  come 
through  the  seed  rather  than  as  a  result  of  more  or  less  perfect  de- 
velopment should  be  rejected,  and  it  is  often  wise  to  reject  all  of  the 
stock  that  traces  to  the  same  original  selected  plant.  In  making  such 
rejections  it  is  very  important  that  one  should  distinguish  between 
variations  which  were  transmitted  through  the  seed  and  those  which 
result  from  conditions  of  growth  and  which  would  not  be  carried 
in  the  seed.  This  will  call  for  the  exercise  of  wise  judgment  foimded 
on  a  full  and  accurate  knowledge  of  the  varietal  characteristics  of 
the  sort.  It  will  be  seen  that  in  spite  of  the  lesser  liability  to  cross- 
fertilization,  the  building  up  of  a  true  stock  is  a  much  slower  process 
with  beans  than  with  corn,  but  when  one  which  is  true  has  been 
secured  it  is  much  easier  to  keep  it  so. 

THE  GBOWING  OF  GABBEN  PEAS  FOB  SEED. 

Peas  are  closely  related  to  beans  botanically,  and  the  general  cli- 
matic and  soil  conditions  requisite  for  the  best  development  of  the  two 
are  very  similar.  Peas  require  for  their  most  profitable  development 
a  cool,  moist  climate,  and  they  can  not  be  profitably  grown  in  a  hot, 
dry  one  or  where  there  is  a  liability  of  such  conditions  occurring  for 
even  a  few  consecutive  days.  Clear,  bright  weather  free  from 
drenching  rains  is  essential  to  the  ripening  and  curing  of  the  seed. 
It  not  infrequently  happens  that  because  of  wet  and  catchy  weather 
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harvest  time  the  seedsman  fails  to  get  any  usable  seed  from  fields 
o:f  peas  which  had  given  promise  of  a  large  yield. 

The  sections  where  seed  peas  can  be  profitably  grown  are  still 
further  limited  by  liability  to  injury  from  the  pea  weevil.  Injury 
from  this  insect  is  less  common  north  of  latitude  42®  to  43°  than 
farther  south,  and  crops  grown  on  clay  soils,  particularly  if  they 
be  near  large  bodies  of  water,  suffer  less  than  those  grown  on  sandy 
soils.  For  these  reasons  the  growing  of  seed  peas  in  America  is 
generally  confined  to  the  sections  bordering  on  the  Great  Lakes  and 
to  a  few  locations  in  Washington,  Oregon,  and  northern  California 
vrhere  the  climatic  conditions  are  favorable. 

There  is  no  garden  vegetable  in  which  uniformity  in  habit  of 
growth  and  in  the  maturing  of  the  fruit  in  all  the  plants  of  a  culture  " 
is  of  greater  importance  than  with  green  peas.  The  character  of  the 
plant  and  the  cultural  methods  commonly  employed  in  growing  it 
are  such  that  the  gathering  of  the  first  one  or  two  pickings  of  green 
pods  is  likely  to  so  check  the  growth  of  the  plants  that  the  later 
maturing  pods  are  decidedly  injured,  often  so  much  so  as  to  make 
the  picking  of  them  for  culinary  uses  unprofitable.  Again,  the  good 
appearance  of  the  pods  in  the  basket  is  very  dependent  upon  evenness 
of  form  and  maturity,  a  comparatively  slight  difference  in  the  form 
or  the  age  of  a  few  pods  ruining  the  effect  of  the  whole.  Lastly,  any 
overripe  or  "off-colored"  pea  is  made  more  conspicuous  and  objec- 
tionable by  cooking. 

For  these  reasons,  evenness  in  size  of  plant  and  in  date  of  maturing 
is  a  more  important  element  of  value  in  garden  peas  than  in  most 
other  vegetables. 

CULTURAL  REQUIREMBNTO. 

The  pea  plant,  like  that  of  the  bean,  is  very  materially  influenced 
as  to  habit  of  growth  and  maturity  by  soil  conditions,  and  in  the  pea 
changes  due  to  this  cause  are  transmitted  through  the  seed  seemingly 
with  cumulative  force.  It  is  consequently  very  important  that  all  of 
the  plants  of  a  "  culture  "  for  seed  should  be  as  nearly  uniform  in  size 
and  maturity  as  possible.  Often  a  field  which  has  been  recently 
cleaned  of  forest  or  one  which  has  been  heavily  manured  will  yield 
a  large  crop  of  seed,  which,  however,  will  not  be  of  the  best  quality 
because  of  lack  of  uniformity  in  the  size  and  in  the  earliness  of  the 
producing  plants. 

The  best  crops  of  seed  peas,  as  regards  both  quality  and  quantity, 
can  usually  be  grown  by  turning  under  old  timothy  sod  on  a  uniform, 
well-drained,  clay  or  clay-loam  soil.     Uniformity  in  character  of  the 

o  A  single  planting  of  the  same  sort. 
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soil  on  which  the  crop  is  to  be  grown  is  not  of  greater  importance 
than  that  its  preparation  should  be  such  as  to  put  it  into  good  tilth 
and  to  make  it  as  even  and  uniform  in  composition  and  physical 
condition  as  possible,  and  the  seed  should  be  so  planted  as  to  secure 
evenness  in  germination  and  in  the  growth  of  the  young  plants. 

No  plant  responds  more  readily  to  good  preparation  and  culture  of 
the  soil  than  the  pea,  but  its  habit  of  growth  and  the  cultural  methods 
used  are  such  that  thorough  preparation  should  be  given  before  the 
seed  is  put  in  the  ground. 

Not  only  the  growth  of  the  plant  but  the  harvesting  of  the  crop  in 
good  condition  is  very  dependent  upon  favorable  weather,  and  in 
most  sections  of  this  country  where  seed  peas  are  largely  grown  there 
is  much  more  likelihood  of  the  early-planted  crops  escaping  unfavor- 
able conditions  than  those  which  are  planted  later.    It  is  therefore 
very  desirable  that  the  seed  should  be  sown  as  early  as  the  ground  can 
be  put  into  good  condition,  and  it  will  generally  be  desirable  that  the 
field,  particularly  if  it  be  in  sod,  be  plowed  in  late  fall  or  early 
winter,  which  would  have  the  further  advantage  of  destroying  many 
cutworms  and  other  injurious  insects.    The  ground  should  be  worked 
and  the  seed  sown  as  early  in  the  spring  as  possible,  but  one  should 
not  permit  the  desirability  of  early  planting  to  tempt  him  to  sow 
before  the  ground  has  had  the  best  possible  preparation. 

QUANTITY  OF  SEED  TO  USB  PER  ACRE. 

The  quantity  of  seed  to  use  to  the  acre  will  depend  upon  the 
variety  and,  in  some  cases,  upon  the  soil  and  location.  There  is  a 
great  difference  of  opinion  as  to  the  quantity  of  seed  which  will  give 
the  most  profitable  returns,  and  that  recommended  varies  from  80  to 
160  pounds  for  such  small-seeded,  large-vined  sorts  as  the  Admiral,  I 
and  from  120  to  180  pounds  for  the  larger-seeded,  short-vined  kinds 
like  the  Yorkshire  Hero.  The  writer  believes  that  the  best  seed  can 
be  grown  by  comparatively  thin  seeding. 

In  some  sections  of  the  country,  from  Dakota  westward,  pea  vines 
show  a  much  greater  tendency  to  branch  from  the  bottom  than  the 
same  stocks  would  if  planted  in  the  East,  so  that  in  Washington  and 
California  as  good  results  can  often  be  secured  from  the  use  of  only 
20  to  40  pounds  of  seed  as  from  the  larger  quantities  that  eastern 
growers  think  it  necessary  to  use. 

Great  care  should  be  taken  to  secure  even  distribution  and  cover- 
ing of  the  seed.  This  can  generally  be  accomplished  best  by  the  use 
of  some  form  of  grain  drill,  but  care  should  be  taken  to  select  one 
that  will  not  crack  the  seed.  It  will  often  be  desirable  after  sowing 
to  run  over  the  field  with  a  light  slanting-tooth  harrow,  but  if  this  is 
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done  it  should  be  so  timed  as  to  avoid  either  uncovering  the  seed  or 
injuring  the  germinating  plants. 

ROGUING. 

While  experience  has  demonstrated  that  it  is  practically  impossible 
to  materially  improve  a  stock  of  peas  by  roguing,  this  method  is 
often  resorted  to  by  many  growers  in  order  to  secure  so-called  pure 
stock.  Koguing  is  of  less  value  with  peas  than  with  beans,  because  the 
greater  number  of  plants  to  the  acre  and  the  irregularity  of  arrange- 
ment and  growth  make  it  a  practical  impossibility  to  critically  ex- 
amine every  plant,  or  even  a  large  proportion  of  the  plants  of  a  field, 
and  very  often  a  crossed  or  "  off  "  plant  can  not  be  distinguished  even 
by  careful  examination,  yet  the  seed  of  that  plant  may  the  next  sea- 
son develop  into  plants  which  are  very  objectionable.  Again,  there 
is  always  a  possibility,  it  might  even  be  said  a  probability,  that  the 
blossoms  of  a  plant  so  conspicuously  "  off  "  that  the  roguer  sees  and 
removes  it  had  already  contaminated  from  one  to  a  score  or  more  of 
the  surrounding  plants,  so  that  their  product  would  be  seriously  "  off  " 
the  next  season. 

In  practice,  the  most  that  one  can  hope  to  accomplish  by  roguing 
seed  peas  is  to  prevent  the  stock  from  deteriorating  still  further,  the 
only  hope  of  securing  a  pure  or  improved  stock  being  in  selecting 
and  breeding  from  the  best  rather  than  in  eliminating  the  poorest. 

While  roguing  should  not  be  depended  upon,  especially  for  the 
growing  of  stock  seed,  it  should  not  be  neglected.  The  fields  should 
be  carefully  gone  over  at  the  time  when  the  earliest  plants  are  pass- 
ing out  of  bloom.  Each  man  should  take  a  strip  of  a  certain  width 
and,  moving  with  his  back  to  the  sun,  confine  his  attention  to  that 
strip,  removing  all  of  the  rogues  seen  there  and  resisting  the  tempta- 
tion to  go  foraging  to  the  right  or  the  left;  and  he  should  return 
over  the  same  strip,  scanning  it  as  carefully  as  at  first,  for  very 
often  a  rogue  which  was  not  noticeable  when  looking  with  the  sua  is 
very  evident  when  looking  in  the  opposite  direction. 

GATHERING  AND  CURING. 

The  commercial  value  of  seed  of  garden  peas  is  largely  influenced 
by  the  appearance  of  the  seed,  and  this  is  very  dependent  upon  the 
conditions  and  the  care  used  at  the  time  of  harvest.  With  many  sorts 
it  is  desirable  that  the  seed  should  retain  a  green  shade,  and  that  it 
may  do  so,  as  well  as  to  prevent  loss  from  shelling,  the  vines  should 
be  gathered  as  soon  as  the  bulk  of  the  crop  is  hard  and  before  any 
of  the  ripest  pods  begin  to  shell  or  have  been  bleached  by  the  sun. 
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The  best  plan  of  harvesting  will  depend  upon  the  variety  grown, 
the  weather  conditions,  and  the  kind  of  labor,  and  of  farm  machinery 
available.  Where  the  low-priced  labor  of  women  and  boys  can  be 
obtained,  the  very  dwarf  sorts,  like  American  Wonder,  can  often  be 
most  economically  gathered  by  hand  into  bunches  of  2  to  4  cubic 
feet.  The  next  larger-sized  sorts  can  be  gathered  with  a  sharp  hoe, 
a  short  scythe,  or  a  pea  rake  (see  fig.  3)  into  bunches  of  about  the 
same  size.  The  larger- vined  sorts  can  be  "  rolled  "  into  bunches  of 
4  to  8  cubic  feet  with  a  short  scythe  or  cut  with  a  mower  carrying 
"  pea  guards  "  on  the  cutting  bar,  so  as  to  raise  the  vines  and  pre- 
vent cutting  the  pods,  and  then  be  gathered  into  windrows  or  bunches. 

While  in  the  field,  the  bunches  should  be  turned  everv  two  or 
three  days  and  after  every  rain,  in  order  to  hasten  the  curing  and  to 
prevent  the  rotting  or  the  bleaching  of  the  seed.  In  order  to  avoid 
loss  of  color  or  injury  from  rain,  it  is  desirable  that  the  vines  be  well 
stacked  or  put  into  barns  as  soon  as  they  are  so  dry  that  they  will  not 

mold   or   spoil    in   the 
mow.    The  vines  should 

pp,q H n — n — a^ [f    remain  in  the  mow  un- 

N\f^N\N  H^N\N\i  \A/W\M  TVwNM     til  they  are  well  cured 

ft  lift  li*  0*  "T  Xfl-  J  1.  *1  J 

l$fjauiin9l  vim^  ^ /f»k9  fi^mi.       A^kUm  he^  ramlii  liaeAgr.  ^^^    ^^^    Oe    CaSlly    aUCl 


cro^^cju.^.Bar^  j^jw.^!^^*^  *d^./w    convenieutly  thrashcd. 

5;iff22J^  sorts    can    usually    be 

thrashed      most      eco- 

Fio.  8.~8ketch  of  head^of^pea^nike  for  gathering  short-  nomically  by  flails.    The 

larger  -  vined  varieties 
are  best  thrashed  by  an  ordinary  bean  thrasher  with  part  of  the  con- 
cave teeth  removed,  but  it  should  be  so  managed  and  run  as  to  pre- 
vent splitting  the  peas.  Skillful  handling  of  the  thrasher  is  quite  as 
important  with  peas  as  with  beans. 

YIELD  TO  THE  ACRE. 

The  yield  of  salable  seed  peas  is  very  dependent  not  only  upon  the 
crop  grown  but  upon  the  proportion  of  it  one  can  secure  in  salable 
condition.  It  often  happens  that  through  a  little  delay  in  harvesting 
from  10  to  40  per  cent  of  the  seed  is  lost  through  shelling  in  the  field. 
Again,  a  few  days  of  rainy  weather  may  cause  the  loss  of  even  the 
entire  crop  through  sprouting  and  rotting  in  the  field.  Lastly,  there 
may  be  a  very  heavy  loss  through  the  splitting  of  the  seed  in  thrash- 
ing.   The  yield  also  varies  greatly  with  the  variety. 

Under  favorable  conditions  one  may  hope  to  harvest  from  10  to  30 
bushels  to  the  acre,  and  the  most  productive  sorts  may  yield  up  to  60 
bushels  under  favorable  conditions.    Seedsmen  generally  contract  on 
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I  basis  of  a  return  of  from  five  to  eight  times  the  quantity  of  seed 
)lanted,  this  basis  allowing  for  the  total  failure  of  some  of  the 
)lantings. 

PRICES   PAID. 

The  prices  paid  for  growing  seed  peas  vary  greatly  with  the  variety 
ind  run  from  70  to  95  cents  a  bushel  for  some  of  the  easiest  grown 
lorts  after  a  few  years  of  full  crops  to  $1.76  to  $2.50  for  the 
Iwarfer  vined  and  less  productive  sorts  after  a  few  seasons  of  light 
fields. 

UNIT  OF   MEASUREMENT. 

The  common  unit  of  measurement  for  peas  is  the  same  as  for  beans, 
i.  e.,  a  "  bushel "  of  sufficient  weight  to  leave  60  pounds  after  the 
lecessary  cleaning  and  hand  picking.  There  is  a  greater  difference  in 
lie  weight  of  the  same  bulk  of  different  varieties  of  peas  than  of  beans. 
Some  of  the  wrinkled  sorts  weigh  only  50  pounds  to  the  bushel, 
Rrhile  the  smaller,  smooth  sorts  weigh  from  58  to  64  pounds.  Clean, 
bright  seed  is  desirable,  but  it  is  not  so  essential  as  with  beans.  Any 
conspicuous  injury  from  the  pea  weevil  or  other  insects  or  any  dis- 
9oloration  or  splitting  of  the  skins  in  the  field  or  of  the  grains  in 
thrashing  is  regarded  as  justifying  the  rejection  of  the  crop  as  not 
suitable  for  seedsmen^s  use. 

MINIMUM  ACCEPTABLE  VIABILITY. 

Seedsmen  seldom  are  obliged  to  reject  because  of  poor  germination, 
otherwise  acceptable  lots  of  peas  grown  on  contract.  A  properly- 
deaned  sample  will  rarely  show  less  than  85  or  90  per  cent  of  viability 
shortly  after  harvest,  though  where  the  plants  have  been  seriously 
injured  by  lice  or  in  some  other  way  the  seed  sometimes  loses  in  via- 
bility quite  rapidly. 

GBOWING  STOCK  SEED  OF  PEAS. 

Stock  seed  of  peas  should  be  selected  and  grown  in  the  same  way 
ts  that  recommended  for  beans.  With  peas,  however,  variations  due 
to  soil  and  cultural  conditions  are  transmitted  through  the  seeds,  so 
that  care  should  be  taken  to  grow  stock  to  be  used  for  seed  on  soils 
which  are  uniformly  favorable  for  the  best  development  of  the 
particular  variety.  Peas  are  also  more  liable  than  beans  to  crossing 
through  the  action  of  wind  or  of  insects,  and  for  this  reason  it  is 
not  wise  to  grow  stocks  of  different  sorts  side  by  side.  They  should 
be  either  isolated  or  located  in  a  field  of  the  purest  available  stock 
of  the  variety. 
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Anthracnoee,  transmission  in  bean  seed 25 

Beans,  bush,  seed,  growing  in  California 25 

effect  of  soil  and  climate 25 

green-podded,  effect  of  different  soils 25 

Kidney  Wax,  effect  of  different  toils 25 

Lima,  prices  for  growing 27 

seed,  growing  on  California  coast 24-25 

Long  Yellow,  effect  of  different  soils 25 

plants,  effect  of  heat 24 

moisture 24 

sensitiveness  to  unfavorable  conditions 24 

pole,  prices  for  growing 27 

seed,  growing  on  California  coast 24-25 

"rogue "  plants,  distribution 26 

seed,  crop  suitable  to  follow  winterkilled  crop 11 

crops,  injury  by  weevil  In  South 24 

winds  in  West. : 24 

location 25-27 

discoloration,  stains,  etc.,  effect  on  price 27 

growing 24-28 
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importance  of  healthy  stock .• 25 

localities  favorable  to  profitable  crop 24 

poorly  cleaned,  prices 26 

prices 27 

stock,  growing 28 

varietal  characters,  variations,  suggestions 28 

thrashing 26 

unit  of  measurement 27 

viability,  mimimum  accepted  by  seedsmen 27 

yield  per  acre 27 

8u  aUo  Seed. 

seeding,  quantity  to  acre,  etc 26 

Valentine,  effect  of  different  soils 25 

wax-podded,  effect  of  different  soils 25 

Birds,  carriers  of  com  pollen ' 16 

Black  Mexican  com.    See  Com,  Black  Mexican. 
Bnah  beans.    See  Beans,  bush. 

Bmdiel.  seed,  beans,  weight 33 

com,  sweet,  weight,  etc 22 

peas,  weight 33 

California,  growing  of  pole,  Lima,  and  bush  beans 24-25 

seed  peas 29 

Cnmers,  disposition  of  "get-away  "  crops 11 
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Chit,  sweet  com,  difference  in  western  and  eastern  products 15 

Clay  soils.    Su  Soils,  clay.  « 

Climate,  effect  on  garden  beans 25 

quality  of  sweet  com .  15 

Cobs,  sweet  com,  flexibility 21 

Connecticut,  sweet-corn  growere,  harvesting  methods .  18 

Com,  Black  Mexican,  objections  of  growers .  16 

cross-poUination .  10-17 

effect  on  quality 16 

protection,  difficulties,  suggestions,  etc 17 

separated  varieties,  instances _  1 G-17 

field,  vitality,  comparison  with  sweet  com 17 

hybrid,  rejection  for  seed ^ 17 

pollen,  birds  as  carriers 16 

distance  transmitted 16 

seed,  curing,  crate  method 20 

drying-stick  method 20 

sticks,  constmction,  use,  etc 20 

effect  of  weather  on  viability 21 

rail  cribs,  construction  and  use 20-21 

scaffold  method 20 

use  of  artificial  heat,  danger 21 

growing,  stock  blocks,  isolation,  suggestions 28 

harvesting,  advantages  of  early  cutting 21 

rejection  of  hybrids 17 

selection  in  field,  method 23—24 

self-fertilization,  cause  of  loss  of  vigor 22—23 

stock,  method  of  marking 23 

unit  of  measurement 22 

See  also  Seed. 

" stripped, *'  danger  of  injury  by  frost 18 

sweet,  cobs,  flexibility 21 

chit,  difference  in  eastern  and  western  products 15 

curing,  methods 19-21 

drying,  directions 19-21 

from   western-grown  seed,  inferiority   to  eastern  and  northern 

product 15 

green,  qualities,  relation  of  maturity 15 

planting,  directions 17-18 

quality,  effect  of  climate 15 

soils 16 

seed,  bushel,  weight,  etc 22 

growing 14-24 

harvesting 18-19 

increase  of  demand 14 

influence  of  location. .-. 14-16 

local-grown,  superiority 14 

locality  of  greatest  production 14 

northern  and  eastern  grown,  preference  of  planters 14 

production,  cultural  methods 17-18 

stock,  growing 22-24 

selection,  importance IS 

viability,  minimum  accepted  by  seedsmen 22 

yield,  prices,  etc 21-22 
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Com,  sweet,  shocks,  care,  size,  etc 18 

tenderness  and  sweetness,  relation  of  maturity  when  cooked 15 

vitality,  comparison  with  field  corn 17 

Crates,  method  of  curing  seed  com 20 

Cribs,  rail,  for  curing  seed  com,  construction 20-21 

use 20 

Crops,  **get«way,"  effect  on  price  of  seeds 11 

use  by  seedsmen 11 

seed.    See  Seed,  crops. 

share  rentals,  advantages  of  seed  crop 11 

"Cultures,"  growing  peas  for  seed,  importance  of  uniformity 29-30 

Curing,  com,  sweet,  methods 19-21 

peas,  seed.... 32 

Cutworms,  destraction  by  winter  plowing 30 

D&kotas,  seed-bean  crops 24 

Diseases.    See  Anthracnose  and  Rust. 

DrUl,  pea  planting,  selection 30 

Drying,  com,  sweet,  directions 19-21 

sticks.    See  Sticks,  drying. 

Fanner,  seed  growing  for  seedsmen,  management,  etc 8 

Fertilization.    See  Self-fertilization. 

Frost,  danger  of  injury  to  "stripped  "  com 18 

Crarden  seed.    See  Seed,  garden. 

"Getraway  "  crops.    See  Crops,  **get-away." 

Great  Lakes,  region,  growing  of  peas  for  seed 29 

Harvesting,  com,  seed,  advantages  of  early  cutting 21 

sweet,  directions 18-19 

peas 31-32 

dependence  on  weather  conditions 30 

Heat,  artificial,  use  in  curing  seed  com,  danger 21 

effect  on  bean  plants 24 

Hybrid  com.    See  Com,  hybrid. 

Implements  useful  in  harvesting  peas 32 

Insects,  injurious,  destruction  by  winter  plowing 30 

Introduction  to  bulletin 7 

Kidney  Wax  beans.    See  Beans,  Kidney  Wax. 

Lima  beans.    See  Beans,  lima. 

Long  Yellow  beans.    See  Beans,  Long  Yellow. 

Measurement,  unit,  seed  beans 27 

corn 22 

peas 33 

Minnesota,  seed-bean  crops 24 

Moisture,  effect  on  bean  plants 24 

New  England,  com,  seed,  curing,  methods 20 

Ohio,  sweet-corn  growers,  harvesting  methods 18 

Oregon,  growing  of  seed  peas 29 

Packers,  com,  sweet,  Maine,  opinion  as  to  qualities  of  northern-grown  seed 14 

Maryland,  opinion  as  to  qualities  of  Maryland-grown  seed .  14 

Peas,  American  Wonder,  harvesting 32 

cultural  requirements 29-30 

growing,  effect  of  weather  conditions 28 

habits  of  growth,  importance  of  uniformity 29 
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Peas,  harvesting .♦ 31-a 

dependence  on  weather  conditions 31 

implements  useful S 

injury  by  weevil 3 

losB  in  field  through  shelling S 

plants,  injury  by  picking  early  pods 21 

tendency  to  branch  in  western  sections M 

rogning 31 

seed,  bushel,  weight 33 

curing S 

growing 2S-3S 

sections  suitable 21 

importance  of  early  plowing M 

planting,  quantity  to  the  acre 90^ 

suggestions 98 

prices , fl 

soil,  preparation,  quality,  etc 29-31 

stock,  growing 33 

thrashing.. 3S 

unit  of  measurement 33 

viability,  minimum  accepted  by  seedsmen 33 

yield  per  acre 31 

See  also  Seed. 

seeding,  suggestions 30 

vines,  care  in  harvesting 32 

Planting,  corn,  sweet,  directions 17-18 

peas,  seed,  quantity  to  the  acre,  etc 30-31 

seed  purchased  by  sample,  caution 12 

Plants,  **pogue,"  bean  crop,  distribution 26 

destruction  in  seed  crops 8 

See  also  Beans,  Corn,  and  Peas. 

Plowing,  early,  for  pea  crop,  importance 30 

winter,  destruction  of  cutworms 30 

Pole  beans.    See  Beans,  pole. 

Pollen,  corn,  birds  as  carriers 16 

distance  transmitted 16 

See  also  Com,  cross-pollination. 

Prices,  seed,  beans 27 

com,  sweet 21-22 

peas 33 

**Rogue"  plants.    See  Plants,  "rogue." 

**Roguing,*'  pea  crop 31 

"Rubber,**  machine  for  thrashing  beans 26 

Rust,  transmission  in  bean  seed ^ 

"Sample,**  use  of  term  by  seedsmen 12 

Scaffolds,  method  of  curing  seed  com 20 

Seed,  beans.    See  Beans, 
com.    See  Com. 

crops,  low  prices  for  growing,  causes 10-11 

"rogue *'  plants,  deetmction 8 

See  also  Beans,  Com,  and  Peas. 

demand,  increase 7 

firms,  number,  business,  etc , 7 
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Seed,  garden,  appearance,  importance 9 

elements  of  value 9-10 

stock,  importance  of  purity  and  evenness  of  varietal  character. .  9-10 

viability,  importance 9 

growers,  attitude  toward  seedsmen 13 

improvement  in  product,  suggestions 13 

growing,  contracts  of  seedsmen  with  farmers 8 

improvements  in  practice,  suggestions 11-14 

peas.    See  Peas. 

relative  supply  and  demand,  effect  on  commercial  value 10 

use  of  uniform  stocks,  importance 7 

vegetable,  growing,  present  conditions  and  practices 8-14 

Seeding,  beans,  quantity  to  acre,  etc 26 

peas,  suggestions 30 

Seeds  purchased  by  sample,  caution 12 

Seedsmen,  attitude  toward  seed  growers,  recommendations 12-13 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  op  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D.  C,  May  6,  1910. 

Sik:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  ''Cold 
lesistance  of  Alfalfa  and  Some  Factors  Influencing  It."  This  report 
ras  prepared  by  Mr.  Charles  J.  Brand  while  Physiologist  in  Charge 
>i  Clover  and  Alfalfa  Investigations  in  the  Office  of  Crop  Physiology 
md  Breeding  Investigations,  and  by  Mr.  L.  R.  Waldron,  superin- 
«ndent  of  the  subexperiment  station  conducted  by  the  State  of 
k^ortli  Dakota  at  Dickinson.  I  recommend  that  it  be  published  as 
Bulletin  No.  185  of  the  special  series  of  this  Bureau. 

One  of  the  important  lines  of  investigation  in  the  Bureau  of  Plant 
[ndustry  is  the  determination  of  the  factors  that  make  it  possible^  for 
plants  to  thrive  in  the  extremely  cold  sections  of  the  West  and  North- 
west. It  is  a  broad,  complicated  question,  and  all  of  the  factors  can 
be  determined  only  by  studies  that  extend  through  many  winters  of 
extreme  cold.  One  such  season,  the  winter  of  1908-9,  occurred 
during  the  progress  of  the  studies  of  the  writers  and  forms  the  basis 
of  the  principal  part  of  the  discussion.  The  investigations  reported, 
however,  have  been  in  progress  for  five  years  in  difTerent  parts  of  the 
Northwest.  They  include  80  different  kinds  of  alfalfa,  many  of  which 
are  introductions  of  this  Bureau. 

It  would  have  been  desirable  for  the  observations  of  the  writers  to 
have  extended  over  a  greater  number  of  severe  winters.  The  need 
of  information  on  the  part  of  those  in  the  cold  regions  is  so  pressing, 
however,  that  it  seems  advisable  to  present  the  facts  contained  in 
the  paper  as  a  contribution  to  the  comprehensive  series  of  similar 
studies  in  progress  in  the  Bureau.  The  deductions  of  the  writers 
are  especially  helpful  in  suggesting  lines  of  investigation  that  are 
likely  to  be  developed  further  by  investigators  in  the  cold  regions,  as 
well  as  by  those  withhi  the  Bureau.  Another  phase  of  alfalfa  hardi- 
ness has  already  been  discussed  in  Bulletin  No.  169  of  this  Bureau, 
entitled  '^Variegated  Alfalfa,"  by  Mr.  J.  M.  Westgate. 
Respectfully, 

B.  T.  Galloway, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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:OLD  RESISTANCE  OF  ALFALFA  AND  SOME 

FACTORS  INFLUENCING  IT. 


IMTBODTJCnON. 

Interest  in  the  culture  of  alfalfa  continues  to  increase.  As  a  wealth 
producer  this  crop  is  winning  for  itself  a  predominant  place  in  the 
igriculture  of  the  world.  Wliile  in  some  parts  of  Europe  it  can  no 
onger  be  grown  with  the  old-time  success,  and  serious  people  are 
liscussing  measures  for  bringing  its  culture  back  to  a  paying  basis, 
;he  United  States  has  as  yet  developed  only  a  small  fraction  of  its 
dfalfa  possibilities. 

So  far  as  the  northern  part  of  the  Great  Plains  area  is  concerned 
bhe  investigations  reported  upon  in  the  present  paper  show  that 
weather,  tillage,  and  the  use  of  a  suitable  strain  of  seed  are  the  con- 
trolling factors  in  successful  alfalfa  production  when  soils  of  average 
Fertility  are  employed.  Snow  covering  and  the  presence  or  absence 
of  excess  moisture  in  the  soil  were  found  to  be  fully  as  important  in 
winterkilling  as  minimiun  temperatures;  differences  in  tillage  and  in 
the  previous  treatment  of  the  land  had  profound  effects,  and  finally 
the  greatest  possible  diversity  was  found  in  the  endurance  shown  by 
strains  of  seed  from  different  parts  of  the  world. 

PT7BP06E  OF  THE  ZNVESTIGATIONS. 

In  the  autimm  of  1904  the  Bureau  of  Plant  Industry  began  a 
comprehensive  study  of  the  alfalfa  plant.  During  the  preceding 
years  many  new  strains  had  been  introduced"  with  a  view  to  finding 

o  During  the  period  that  elapsed  from  May,  1898,  until  November,  1904,  the  Office 
of  Foreign  Seed  and  Plant  Introduction  of  the  Department  of  Agriculture  introduced 
a  total  of  forty-two  strains  of  alfalfa  from  different  parts  of  the  world.  Included 
among  these  earlier  importations  were  the  following:  Fifteen  numbers  secured  by 
Professor  Hansen  in  Turkestan  which  constituted  what  was,  so  far  as  we  know,  the 
original  introduction  into  North  America  of  the  form  of  alfalfa  grown  in  that  country; 
four  numbers  sent  in  by  Mr.  Swingle,  including  the  well-known  Provence  and  Poitou 
Jtrains,  also  what  was  probably  the  Department's  first  introduction  of  the  so-called 
commercial  sand  lucem,  from  France,  and  the  highly  prized  Oasis  alfalfa  of  the  Sahara 
from  the  Oued  Rirh ;  three  interesting  Algerian  strains  grown  in  the  province  of  Con- 
itantine,  secured  by  Messrs.  Fairchild  and  Scofield,  including  the  interesting  form 
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better  kinds  for  our  older  alfalfa-producing  areas  and  also  sorts  that 
would  succeed  in  areas  where  the  ordinary  strain  had  failed  to 
establish  itself. 

Little  was  known  as  to  how  these  new  plant  immigrants  would 
behave  in  their  new  surroundings,  and  as  their  nimiber  grew  it  became 
very  apparent  that  there  was  acute  need  for  information  as  to  ^vrhat 
factors  governed  their  successful  growth.  Without  this  knowledge 
the  most  effective  distribution  in  this  country  was  impossible;  hence 
the  investigations  begun  in  1904  were  planned  with  a  view  to  satis- 
fying this  need. 

The  many  forms  of  alfalfa  secured  by  the  Bureau  of  Plant  Indus^y 
have  now  been  grown  or  are  being  grown  in  groups  of  from  2  to  more 
than  200  in  several  hundred  places  scattered  over  the  country. 
These  different  localities  represent  in  a  very  full  measure  the  gieat 
diversity  of  climate  and  soil  present  in  the  United  States  and  furnish 
an  opportunity  for  studying  and  comparing  the  behavior  of  the  vaiioos 
kinds  of  alfalfa  under  a  great  range  of  conditions. 

Throughout  the  southwestern  portion  of  the  United  States  and  in 
practically  all  areas  where  irrigation  is  practiced  farmers  have  had 
very  little  difficulty  in  securing  and  maintaining  highly  profitaUe 
stands  of  alfalfa,  but  up  to  the  present  time  Kansas  and  Nebraska 
are  the  only  States  that  have  made  a  notable  success  in  growing  this 
crop  without  irrigation.     The  alfalfa,  or  lucem,*  grown  in  these  States 

grown  in  rows  by  Mr.  G.  Ryf,  of  Setif  (see  Fairchild,  Biilletin  72,  pt.  1,  Bureau  ol 
Plant  Industry,  U.  S.  Dept.  of  Agriculture),  a  sample  of  the  so-called  sand  Inceni, 
and  the  variety  known  to  botanista  as  Medicago  sativa  gaetula;  two  numbers  from  Peru, 
two  from  Argentina,  and  two  from  Arabia,  secured  by  Messrs.  Lathrop  and  Fairchild; 
one  from  Egypt,  from  Mr.  Fairchild;  two  numbers  constituting  a  new  introduction  d 
the  Oasis  alfalfa,  sent  by  Mr.  iCeamey  from  the  Oasis  of  Tuggurt  in  Algeria;  seven  new 
lots  from  various  parts  of  Turkestan,  secured  by  Mr.  Bessey ;  a  commercial  importatioB 
from  Turkestan ;  two  strains  from  Mexico,  and  the  interesting  Peruvian  alfalfa  described 
in  Bulletin  118  of  this  Bureau  (see  Brand,  "Peruvian  Alfalfa,"  Bulletin  118,  Bukm 
of  Plant  Industry,  U.S.  Dept.  of  Agriculture). 

Since  the  autumn  of  1904  nearly  two  hundred  numbers  have  been  introduced  fron 
various  parts  of  the  world;  in  addition  a  large  number  of  more  or  less  distinct  strains 
have  been  secured  from  various  parts  of  the  United  States,  and  a  still  larger  number 
have  been  secured  by  propagation  of  seed  from  previous  introductions.  All  of  these 
domestic  and  foreign  races  and  their  progeny  constitute  the  richest  material  for  tlie 
study  and  breeding  of  alfalfa  that  has  ever  been  brought  together. 

a  Alfal^  and  lucern  are  wholly  synonymous  common  names  for  Medica  mitiva  (L.) 
Mill.  [See  Scofield,  Carl  S.,  ''The  Botanical  History  and  Classification  of  Ai&lk," 
Bulletin  131,  pt-  2,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture.]  The  for- 
mer is  used  in  practically  all  Spanish-speaking  countries  and  countries  that  drew  their 
original  supplies  of  seed  directly  or  indirectly  from  Spain.  This  includes  neariy  all 
of  the  western  continent.  The  name  *  'lucern, ' '  on  the  other  hand ,  is  the  name  generally 
applied  in  Germany,  France,  and  contiguous  countries.  It  is  also  the  name  commonly 
used  by  the  Mormon  farmers  of  Utah.  The  common  name  used  in  Italy  is  '*  herba 
medica." 
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came  from  California  and  Utah  and  is  probably  descended  from  the 
Chilean  alfalfa  introduced  into  this  country  about  1855.  In  a  little 
more  than  a  half  century,  so  readily  adaptable  is  alfalfa,  this  strain 
has  spread  over  the  agricultural  areas  of  the  greater  portion  of  the 
western  half  of  the  United  States,  where  it  constitutes  the  backbone 
of  agriculture.  This  strain,  in  the  form  to  which  it  was  unconsciously 
modified  as  it  moved  eastward,  has  been  found  hardy  in  Colorado, 
Elansas,  Wyoming,  south  of  the  middle  line  of  Nebraska,  and  by  con- 
tinued growth  has  been  extended  throughout  Nebraska  and  in  Mon- 
tana as  far  north  as  the  valley  of  the  Milk  River  in  the  northern  part 
of  the  State. 

In  Kansas,  farmers  who  have  been  growing  alfalfa  for  from  twenty 
to  twenty-five  years  state  that  the  sort  they  have  used  &as  never 
winterkilled  to  a  noticeable  extent. 

Speaking  broadly,  there  are  three  great  areas  for  which  no  well- 
adapted  alfalfa  has  been  available  in  quantity:  (1)  The  humid 
Eastern  and  Southern  States;  (2)  the  semiarid  regions  where  irriga- 
tion water  is  not  available,  including,  especially  the  drier  parts  of  the 
Great  Plains  and  Intermountain  areas,  and  (3)  the  cold  northern 
part  of  the  country. 

In  the  region  north  of  the  Valley  of  the  Platte  in  Nebraska  and 
extending  eastward  to  the  Atlantic  Ocean  none  of  the  strains  of 
alfalfa,  either  of  Chilean  or  European  origin,  obtainable  in  commercial 
quantities  have  proved  hardy  in  the  sense  that  they  can  be  abso- 
lutely depended  upon.  Hence,  one  of  the  great  needs  of  our  northern 
agriculture  and  that'  of  Canada  has  been  an  alfalfa  that  is  perfectly 
hardy  and  reliable  in  this  area. 

It  is  the  purpose  of  the  present  paper  to  discuss  rather  fully  some 
of  the  factors  that  appear  to  be  important  in  the  wintering  over  and 
winterkilling  of  alfalfa.  The  greater  part  of  this  work  has  been  done 
in  North  Dakota  at  the  Dickinson  subexperiment  station,  but  advan- 
tage has  also  been  taken  of  using,  for  collateral  observations,  numer- 
ous other  experiments  located  in  various  parts  of  the  West,  North, 
and  Northwest. 

Dickinson  is  located  in  the  western  part  of  North  Dakota  at  an 
altitude  of  2,453  feet.  The  range  of  temperature  thus  far  recorded 
is  from  —47**  to  110**  F.  The  winters  are  severe  on  plant  life.  The 
soil  is  similar  to  that  of  much  of  the  Great  Plains  area.  An  alfalfa 
that  does  well  at  Dickinson  is  likely  to  succeed  in  a  large  part  of  the 
surrounding  region. 

SZPEBZHBMT8  AT  DI0KIN80N,  N.  DAK.,  BEaiTK  IN  1906. 

With  a  view  to  gaining  some  knowledge  as  to  their  comparative 
cold  resistance  and  also  to  determine  the  factors  affecting  cold  resist- 
ance in  various  strains  under  moderately  light  rainfall,  a  series  of 
iss 
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22  strains  of  alfalfa  (see  Table  I)  was  sown  in  duplicate  on  plats  om 
fortieth  of  an  acre  each  in  the  spring  of  1906.  One  complete  set 
was  sown  on  the  best  soil  on  the  experiment  farm,  a  rich  sandj 
loam,  while  the  duplicate  series  was  placed  on  a  light  sandy  piece  of 
land  on  another  part  of  the  farm.  The  series  on  sandy  soil  was  sovi 
May  9,  1906;  that  on  the  loam  May  10. 

The  following  table  shows  the  serial  number,  the  region  of  oiigiiii 
and  the  estimated  percentage  of  stand  on  both  t&e  sand  and  the  loam 
during  the  first  or  seeding  year  and  the  percentage  of  stand  remaining 
after  the  severe  winter  of  1906-7. 

Table  I. — Results  of  experiments  with  different  strains  of  alfalfa  groum,  on  sandif  mi 
and  on  Ufftm  at  Dickinson,  N.  Dak.,  during  1906  and  1907,  showing  the  percentage  i^ 
a  perfect  stand  which  survived  the  winters. 
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Date. 

Stand. 

Date. 

stand. 

Date. 

Staad. 

Date. 

aD.E.8.223 
D.  E.  8.  241 

Fareo.  N.  Dak. 

(Grimm,  crop 

of  1904). 
Gladstone, 

N   Dak.  (crop 

of  19a5).fr 
Commercial    al- 

ralta.b 
Peru 

PercL 
80 

Aug.  15 

Perct. 
80 

June    3 

Per  el, 
95 

95 

Aug.    1 
...do.... 

Perct 
96 

65 

Jott  1 
Pa 

D.  E.  8.  282 

70 

10 
75 
80 

80 
76 

75 

76 

70 
76 

76 

00 

75 
75 
70 

76 

85 

75 

90 

(K) 

Aug.  l.*! 

...do.... 
. .  .do. ... 
...do.... 

...do.... 
. . .do. ... 

...do.... 

...do.... 

...do.... 
...do.... 

...do.... 

...do.... 

...do 

...do 

...do.... 

...do.... 

...do.... 

...do 

...do.... 
...do.... 

10 

1 

4 

75 

IS 
12 

20 

60 

6 
15 

6 

25 

4 

40 
45 

45 

85 

20 

25 

55 

June   8 

...do 

...do 

..  .do.... 

...do.... 
...do.... 

. . .UO. a . . 

•  • .QO. . . . 

...do.... 
...do.... 

...do.... 

. .  .UO. ... 

...do 

...do.... 
...do.... 

...do.... 

...do 

...do.... 

...do.... 
..  .do.... 

a 8.  P.I.  9303 

40 
85 
85 

90 

93 

90 

90 

90 
80 

80 

80 

85 
85 
90 

85 

85 

85 

05 
70 

Aug.    1 

..do.... 

...do.... 

...do.... 
...do.... 

.  . .QO. ... 

...do.... 

. .  .QO. ... 
.. .QO. ... 

. .  .uO. ... 

.  . .vV. . . . 

...do.... 
...do.... 
...do.... 

...do.... 

...do.... 

...do.... 

...do.... 
. . .do.... 

5 
40 
85 

60 
50 

66 

66 

50 
66 

40 

«5 

55 

00 
66 

85 

85 

20 

80 
60 

Jane  1 

8.  P.  1. 12«M 
8.  P.  1. 11211 

8.  P.  1. 12:<9S 

Provence.France 
Commercial  Tur- 
kestan. 
Colorado 

Da 
Da 

Do 

8.  P.  1. 17441, 

8.  P.  1. 12747 

8.  P.  1. 13291 

8.  P. 1. 12784 
8.  P.  1. 128  ir. 

8.  P.  1. 12801 

8.  P.  1. 1.32.59 

8.  P.  T.  13237 
8.  P.I.  12071 

Commercial 
Americ*an. 

Yellowstone 
Valley.  Mont. 

Fayette  vllle, 
N.  Y. 

Utah  (irrigated). 

Milk  River  Val- 
ley, Mont. 

Texas    Panhan- 
dle. 

Southern  Ne- 
braska. 

Chinook,  Moot. . 

Kansas 

Da 

Da 

Da 

Da 
Da 

Da 

Da 

Da 
Da 

8.  P.  1. 12820 

8.  P.  1. 12748 

8.  P.  1. 14786 

8.  P. 1. 12409 

8.  P.  I.  l.TS-W 
8.  P.  1. 1.38o7 

Northern  Ne- 
braska. 

Rhine  Province, 
Germany. 

Tashkend,  Tur- 
kestan. 

Utah   (not   Irrl- 
ea(e<l). 

Klmrkof.  Russia. 

Simbirsk,  Russia 

Average... 

Da 
Da 
Da 
Da 

Da 

Da 

72.7 

29 

84.6 

56.1 



a  These  abbreviations  refer  to  the  serial  numbers  of  the  Dickinson  subexperiment  station  and  of  tike 
Office  of  Foreign  Seed  and  Plant  Introduction  of  the  Bureau  of  Plant  Industry. 
b  These  strains  were  not  in  duplicate. 

It  will  be  noted  that  the  stand  on  the  loam  is  in  nearly  every  case 
better  than  that  on  the  sand  and  that  the  loss  in  stand  observed  in 
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907  as  compared  with  1906  is  practically  always  greater  on  the  sandy 
i>il  than  on  the  loam.  Although  this  loss  in  stand  is  undoubtedly 
ue  in  large  part  to  winterkilling,  it  is  no  doubt  true  that  a  part  of  it 
lay  be  accoimted  for  by  the  fact  that  the  sandy  soil  is  much  less 
Btentive  of  moisture  than  the  loam,  so  that  the  deterioration  of  the 
tand  on  the  sandy  soil  would  be  due  to  a  combination  of  drought 
aid  cold.  The  likelihood  of  this  will  be  more  apparent  after  reading 
he  discussion  of  the  precipitation  of  the  autumn  of  1906  given  below. 

RAINFALL. 

The  rainfall  during  1906  was  19.99  inches,  while  the  yearly  average 
>ased  on  a  16-year  record  is  15.11  inches.  Despite  the  fact  that  the 
>recipitation  exceeded  the  average  considerably,  there  were  times 
hiring  1906  and  1907,  as  may  be  judged  from  the  following  table 
[Table  11),  when  a  lack  of  moisture  interfered  notably  with  the  growth 
>f  the  crop.  This  was  particularly  true  during  July,  1906.  The 
try  spell  that  occurred  in  this  month  was  in  part  responsible  for  the 
onall  growth  made  on  all  plats  during  the  season  of  1906.  The  most 
important  factor  in  contributing  to  the  lack  of  vigorous  growth  was 
bhe  failure  to  secure  inoculation.  The  effect  of  inoculation  on  cold 
resistance  will  be  more  fully  discussed  later. 

Table  II.— Rainfall  in  inches  at  Dickinson,  N.  Dak.,  for  1906,  1907,  and  1908. a 


imuary 

Pebrmry 

Harch. 

AprIL 

May 

lane 

July 

Ani^ust.... — 
September... 

October 

November... 
aber 

Amrnal 


Average 
for  16  years. 

1906. 

1907. 

0.39 

0.25 

0.80 

.48 

.32 

.14 

.09 

.08 

.39 

1.18 

1.10 

.30 

2.43 

7.11 

1.36 

2.92 

5.40 

2.52 

2.12 

.16 

4.82 

1.82 

2.64 

1.80 

1.04 

.25 

1.11 

.70 

.14 

.10 

.56 

.87 

.02 

.48 

.77 

.22 

15.11 

19.99 

13. 67 

1906. 


0.28 

.73 

1.42 

L27 

3.50 

4.30 

L41 

1.43 

L67 

2.47 

.78 

.24 


19.50 


•  Thb  table  Is  quoted  from  Waldron,  L.  R.,  First  Annual  Report  of  the  Dickinson  Sub-Experiment 
Station  for  the  year  190B,  Fargo,  N.  Dak.,  1909. 


TEMPERATURE. 

The  winter  of  1906-7  was  one  of  extraordinary  severity.  The 
minimnm  temperature  for  October  was  11°  F,;  November,  —1°  F.; 
December,  -24°  F.;  January,  .-35°  F.;  February,  -31°  F.;  March, 
— 8°  F.;  and  April,  5°  F.  During  January  there  were  only  two  days 
when  the  minimum  temperature  registered  was  above  zero  (3°  F.  on 
January  1  and  5°  F.  on  January  11)  and  only  one  day  when  the 
maximum  rose  above  freezing  (35°  F.  on  January  23). 
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GOLD  BE8I8TANCE  OF  AL«FALFA. 


In  order  to  show  more  adequately  the  nature  of  the  weadier  wl 
the  experimental  alfalfas  shown  in  Table  I  were  called  upon  to  eat 
the  report  of  the  Weather  Bureau  for  the  month  of  January,  II 
is  presented  in  its  entirety  in  Table  III. 

Table  III. — Daily  record  of  temperature  and  precipitation  for  the  numth  of  J6 
1907,  at  Dickinson,  N.  Dak,;  latitude,  46''  S(/  N,;  longitude,  102"*  3(/  W.; 
t,4SSfeet, 


Temperature. 

Precipitation. 

\ 

Date. 

Haxi< 

mum. 

•  F. 
5 

-  1 

-  1 
6 

-  2 
5 
6 

-  8 
14 

9 

15 

5 

-  6 
-23 
-13 

-  9 
11 
23 
24 

0 
24 
12 
35 
30 

-  1 
4 

-  4 

-  7 

-  6 
7 

30 

Mini- 
mum. 

•  F. 
3 

-  8 
-20 

-  4 

-  5 

-  4 

-  7 
-14 
-23 
-22 

5 
-13 
-14 
-33 
-35 
-16 
-22 
-16 
-14 
-28 

-  3 
-13 

-  3 

-  6 
-15 
-13 
-20 
-21 
-25 
-17 

-  2 

Range. 

Record 

at  6 

p.  m. 

Snow- 
faU. 

Depth  Of 

snow  on 

eroundat 

tune  of  ob- 

.Hervation. 

1 

•  F. 

2 

7 
19 
10 

8 

9 
13 

6 
35 
13 
10 
18 

8 
10 
22 

7 
33 
39 
38 
28 
27 
25 
38 
36 
14 
17 
16 
14 
19 
24 
32 

•  F. 
4 

-  8 

-  3 
2 

-  3 
3 

-  3 
-14 
-12 

15 

6 

-11 

-  9 
-29 
-13 
-14 

-  6 
14 

-14 
0 

-  3 
11 
24 

-  2 

-  1 

-  6 
-20 
-12 
-12 

3 
22 

JnehtM. 
I 

1 

Inekea, 
7.5 
8.5 

MOMTHLT  SUMMABT. 

2 

TVmpcraMcre. 

3 

4 

MfAn  maximum.  5-09*  F. 

5 

6 

Wmui  miniminn.  ~-t2J7A*  V. 

7 

aT. 

8 

Mean.  -3.9*  F. 

9 

10 

Maximum.  35*  F.:  date.  3)d. 

11 

3 
•  T. 

1 

11.5 

12 

Mlnlmimi.  —35*  F.:  date,  15th. 

13 

12.5 

14 

Greatest  daOy  rwMtgt,  38*  F. 

15 

16 

1 

13.5 

17        

18 

Snotc. 

19 

20 

Total  fell.  8  inches. 

21 

22 

23 

24 

RKMAXKS. 

25 

........ 

26 

Temperature,  15.1*  F.  below  nv- 
mal. 

27 

28 

1 

14.5 

29 

30 

31 

Biim  - . ,  . 

184 

-428 

1 

N 

Mean 

5.9 

-13.8 



«  T.- trace. 


An  examination  of  the  columns  of  Table  I  showing  the  stand  for 
1907  reveals  the  fact  that  some  plants  on  every  plat  in  both  series 
survived  the  winter.  In  several  cases  the  strains  came  througb 
with  no  injury  whatever,  and  even  the  plats  of  the  Peruvian  variety, 
which  next  to  the  Arabian  is  perhaps  the  least  hardy  alfalfa  known, 
had  a  sprinkling  of  living  plants  amounting  on  the  sandy  soil  to  about 
1  per  cent  of  a  stand  and  on  the  loam  to  about  5  per  cent. 


185 
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BEA80NS   WHY  ALFALFAS   SUBVIVED  THE   WINTEB  OF   1906-7. 

It  is  surprising,  in  view  of  the  severity  of  the  winter  of  1906-7, 
which  was  almost  unprecedented  in  North  Dakota,  that  so  large  a 
percentage  of  alfalfa  plants  survived.  From  a  careful  study  of 
the  weather  records  for  Dickinson  from  September,  1906,  to  May, 
1907,  inclusive,  it  seems  that  two  factors  were  largely  concerned  in 
the  result,  namely,  autumn  weather  of  a  kind  that  induced  com- 
parative dormancy  before  the  real  winter  weather  came,  and  a  heavy 
blanket  of  snow  throughout  the  coldest  winter  months. 

Beginning  with  September  10  there  was  on  the  whole  a  gradual 
downward  movement  of  the  mean  daily  temperature,  which  cul- 
minated in  killing  frosts  on  the  26th  and  again  on  the  29th  of  the 
month.  This  and  the  dryness  of  the  soil,  the  precipitation  for  the 
whole  month  being  only  0.25  of  an  inch,  served  to  harden  the  tissues 
of  the  plant  and  inhibit  the  production  of  new  and  tender  growth. 

In  October  a  very  similar  condition  of  affairs  obtained.  A  pre- 
cipitation of  only  0.14  of  an  inch  for  the  whole  month  was  recorded. 
The  temperature  went  down  rather  gradually,  with  killing  frosts  on 
the  5th,  9th,  and  10th,  while  from  the  18th  to  the  31st  of  October  the 
daily  minimum  temperature  ranged  from  37°  to  11®  F.,  only  two 
days  (37^*  F.  on  the  25th  and  36*"  F.  on  the  26th)  having  minima 
above  the  freezing  point. 

The  result  of  this  combination  of  dryness  and  gradually  increasing 
cold  was  first  to  bring  about  a  gradual  cessation  of  the  physiological 
processes  involved  in  growth,  and  finally  to  bring  the  plants  unharmed 
into  a  comparatively  dormant  condition. 

Several  years  of  observation  have  led  to  the  conclusion  that  a 
capacity  to  react  with  reasonable  promptness  to  stimuli  producing 
dormancy  is  one  of  the  most  important  quaUties,  if  not  the  most 
important,  in  producing  hardiness  in  alfalfas  and  clovers.  Similarly 
during  dormancy,  resistance  to  growth-producing  stimuli  is  important. 

Elsewhere^  an  attempt  has  been  made  to  explain  the  failure  of  one 
variety  to  become  dormant  while  another  becomes  so,  by  conceiving 
varieties  and  even  individuals  as  having  a  more  or  less  constant 
minimum  temperature,  below  which  growth  ceases  in  the  autumn 
and  above  which  it  starts  in  the  spring.  Breeders  desiring  to  estab- 
lish races  for  particular  purposes  should  seek  wherever  possible  to 
eorrelate  one  physiological  character  with  another  rather  than 
morphological  characters  with  physiological,  unless  there  is  a  fairly 
obvious  relation  between  the  physical  character  used  as  a  basis  of 
judgment  and  the  physiological  character  toward  which  selection  is 

'Brand,  Charles  J.    Peruvian  Alfalfa:  A  New  Long-Season  Variety  for  the  South- 
west.   Bulletin  118,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agricultuie,  pp.  8-14. 
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being  made.  That  dormancy  is  of  paramount  importance  in  det-er 
mining  whether  alfalfas  will  winterkill  or  not  appears  to  be  showii 
by  the  results  of  1906  and  1907  as  compared  with  those  of  1908  and 
1909,  given  later. 

No  two  conditions  are  more  potent  than  drought  and  cold  in  retanl- 
ing  plant  growth  or  bringing  it  to  a  complete  standstill  by  hardenin| 
the  tissues. 

Both  temperature  and  moisture  conditions  were  ideal  in  western 
North  Dakota  during  the  autunm  of  1906  for  bringing  about  this 
result.    Those  for  September  and  October  have  already  been  described 

November  weather  was  generally  favorable  for  inducing  dormancy, 
and  a  snow  covering  was  present  during  a  portion  of  the  month. 
The  total  precipitation  for  the  month  amounted  to  0.87  inch,  of 
which  0.22  inch  fell  before  the  middle  of  the  month  and  had  a  good 
chance  to  become  absorbed  by  the  soil.  Only  a  portion  of  this  soaked 
in.  The  remainder  of  the  precipitation  was  in  the  form  of  snow, 
which  remained  until  the  end  of  the  month. 

The  precipitation  for  December  was  above  the  normal,  but  neariy 
all  of  this  came  in  the  form  of  snow,  which  remained  in  place.  A 
short  period  of  warm  weather  at  the  beginning  of  the  month  removed 
the  snow,  but  on  the  9th  and  13th  more  snow  fell,  forming  a  covering 
over  7  inches  deep.  The  temperature  for  December  was  4.1°  F. 
below  the  normal.  The  minimum  temperatures  ranged  from  28**  to 
-24''  F.,  while  the  maxima  ranged  from  47°  to  - 1°  F.  The  snow 
afforded  the  plants  a  high  degree  of  protection. 

The  weather  conditions  during  January,  1907,  are  shown  in  Table 
III  and  discussed  in  that  connection.     Attention  here  is  directed 
only  to  the  snowfall.    The  month  opened  with  7.5  inches  (see  Table 
III)  on  the  ground;  on  the  15th  there  were  12.5  inches,  and  at  the 
end  of  the  month  ttere  were  14.5  inches.    Without  this  blanket  of , 
snow  and  with  the  persistently  low  temperatures  that  occurred^ 
throughout  the  month  it  is  probable  that  there  would  have  been  lOOJ 
per  cent  of  winterkilling  on  the  majority  of  the  experimental  platsJ 
and  this  despite  the  extremely  favorable  conditions  under  which  the, 
alfalfa  entered  the  winter.    As  it  was,  red  clover,  winter  wheat,  and^ 
some  alfalfa  on  every  one  of  the  twenty-two  plats  survived  the 
winter. 

As  is  always  the  case  in  this  northern  region,  the  weather  during 
February,  1907,  was  also  severe,  the  mean  of  the  minimum  tempera 
ture  being  4°  F.  and  the  absolute  minimum  —31®  F.    The  month 
began  with  14.5  inches  of  snow  on  the  ground,  6  inches  remaining  on 
the  15th  and  4  inches  at  the  end. 

In  order  to  make  possible  a  comparison  of  mean  temperatures 
endured  by  the  alfalfas  under  experiment  during  the  winter  of  190&-7 
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ith  those  endured  by  the  strains  under  experiment  during  1908-9, 
ie  mean  temperatures  for  these  years  are  shown  in  the  following 
ible: 

&BLB  IV. — Mean  temperatures  for  Dickinsonyf*'  N.  Dak.,  during  1906,  1907,  1908,  and 
1909,  the  years  covered  by  the  alfalfa  experiments  reported  upon  in  this  bulletin. 


Aver- 
age 
for 

16 
years. 

(*) 

1906. 

1907. 

1908. 

1909. 

Month. 

1 

Mean,  Mean 
of  the' of  the 
max-  min- 
ima,   ima. 

Mean. 

Mean 
of  the 
max- 
ima. 

Mean 
of  the 
min- 
ima. 

Mean. 

Mean 
of  the 
max- 
ima. 

Mean 

of  the 
min- 
ima. 

Mean. 

Mean 
of  the 
max- 
ima. 

Mean 
of  the 
min- 
ima. 

Mean. 

itosty 

ibruary!!!]".! 
irch 

•  F. 
11.0 
11.9 
23.5 
42.6 
52.6 
60.9 
68.0 
67.2 
56.8 
44.0 
27.3 
18.6 

28.4 
29.5 
31.9 
63.0 
61.6 
73.2 
82.9 
79.1 
77.8 
61.8 
37.2 
25.4 

op 

5.8 

5.2 

8.1 

83.0 

38.8 

49.2 

50.9 

63.6 

44.6 

31.0 

15.4 

3.6 

•F. 
16.5 
17.2 
19.8 

op 

5.9 
27.3 

41.fi 

•  F. 
-13.7 
4.0 
16.6 
21.0 
29.5 
47.8 
63.1 
49.4 
38.5 
31.1 
17.2 
10.2 

•  F. 

-3.9 
15.6 
28.5 
34.2 
44.5 
60.2 
65.3 
65.3 
52.8 
46.3 
31.8 
23.5 

35.5 
24.7 
34.1 
53.7 
62.0 
71.4 
84.9 
80.0 
76.4 
53.5 
44.6 
27.7 

op 

6.9 
6.9 
13.6 
30.0 
37.0 
48.6 
55.0 
48.6 
47.0 
31.3 
20.4 
6.6 

•  F. 

22.1 

15.7 

23.8 

44.3 

49.5 

60.0 

69.9 

64.2 

61.7 

42.4 

32.5 

17.1 

.  p 

18.5 
27.2 
37.1 
48.6 
(i5.8 
74.1 
78.3 
82.7 
74.7 
58.1 
44.8 
17.4 

»  F. 
-2.6 

6.2 
18.2 
22.2 
38.0 
51.2 
55.5 
54.6 
44.6 
30.9 
18.0 

0.0 

op 

7.85 
16.70 
27.70 

■ril 

48.3  ;  47.5 
50. 3     .*»■  A 

44.30 

fvu  i  — ........ 

n 

49.50 

De 

61.2 
66.9 
66.3 
61.2 
46.4 
26.3 
14.5 

72.7 
77.6 
81.2 
67.2 
62.6 
46.4 
36.9 

62.60 

ily 

66.90 

igost 

68.  eo 

iptember 

etober 

50.60 
44.50 

Dveznber 

nember 

31.40 
8.70 

Annual 

40.3 

54.3 

28.0 

41.9 

52.2 

24.5 

38.8 

54.0 

29.5 

41.5 

52.8 

28.0 

1 

40.70 

■The  weather  recorda  for  Dickinson  have  been  kept  at  the  experiment  farm  ainoe  March,  1906,  and  thus 
•data  given  are  almost  identical  with  those  obtaining  at  the  plats,  as  the  two  points  are  lees  than  a  quarter 
a  mile  apart 
^  These  figures  are  based  on  records  beginning  in  1893,  when  the  first  observations  were  taken. 

The  most  striking  thing  to  be  noted  in  view  of  the  fact  that  a  con- 
iderable  percentage  of  the  alfalfa  plants  lived  through  the  winter, 
iespite  their  lack  of  vigor  due  to  imperfect  inoculation  and  drought, 
I  that  the  mean  for  January,  1906  ( — 3.9°  F.),  was  14.8  degrees  colder 
ban  the  normal  temperature  that  had  prevailed  up  to  that  time  for 
hat  month,  based  on  a  13-year  record. 

March,  1907,  was  slightly  warmer  than  usual,  but  the  snow  cover- 
Bg  remained  until  practically  the  15th  of  the  month.  Though  a 
l%ht  growth  began  to  show  in  many  plants  in  April,  decidedly 
oliibitive  minimum  temperatures  continued  throughout  the  month. 
Phere  were  killing  frosts  May  1-10,  13-15,  18-19,  26-27,  and  a  final 
ne  on  June  5. 

The  weather  was -such  that  the  spring  awakening  was  almost  as 
gradual  as  the  enforced  dormancy  of  autumn.  It  was  on  account 
if  this  unusual  combination  of  autumn  drought,  the  gradual  com- 
ng  of  winter,  the  protective  covering  of  snow,  and  the  gradual  return 
if  spring  that  some  of  even  the  tenderest  alfalfa  varieties  came 
fcrough  this  winter,  which  was  one  of  almost  unparalleled  severity. 
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TEBMINATION   OF   EXPERIMENTS   BEGUN    IN    1906. 

Although  a  moderately  good  stand  of  alfalfa  was  obtained,  tl 
average  for  all  plats  on  the  sandy  soil  being  72.7  per  cent  and  U 
those  on  the  loam  84.6  per  cent,  the  condition  of  the  1906  seedin| 
was  never  satisfactory.  The  following  statement  upon  this  expei 
ment  is  found  in  the  records  for  1906:  **The  alfalfa  on  these  plal 
is  a  failure,  due  almost  entirely  to  acute  nitrogen  starvation.  H 
plants  were  not  inoculated  *  *  *  and  they  were  of  weak,  sickl 
appearance." 

This  lack  of  inoculation  primarily,  together  w^ith  the  dry  autua 
of  1906  and  the  severe  winter  that  succeeded  it,  kept  the  plants  i 
an  unthrifty  condition.  Following  this,  the  summer  of  1907  was  oi 
of  the  driest  of  recent  years.  A  total  of  only  13.67  inches  of  rain  fd 
while  in  1906  and  1908  there  were  19.09  inches  and  19.50  inchfl 
respectively. 

This  combination  of  trying  conditions  kept  the  plats  in  such  i 
unpromising  state  that  in  the  late  autumn  of  1907  they  were  plowc 
up  to  make  room  for  other  crops. 

FIELD  PLAT  EXPERIMENTS  AT  DICKINSON,  N.  DAK.,  BEGUN  I 

1907. 

In  the  spring  of  1907  a  second  experiment  was  started.  Only  foi 
regional  strains  were  seeded.  Two  samples  of  American  alfalfa,  oi 
from  Colorado  and  one  from  Utah,  and  two  strains  that  had  shoiv 
some  degree  of  hardiness  in  the  1906  experiments,  one  from  Turkest« 
and  one  from  Simbirsk,  Russia,  were  selected.  At  this  time  no  see 
of  the  Grimm  alfalfa  of  Minnesota  was  available  for  use. 

DIVERSITY   IN   PREVIOUS  TREATMENT  OF   LAND   USED. 

The  different  portions  of  the  field  on  which  the  experimental  plal 
were  located  had  not  had  the  same  cultural  history.  The  virgin  so 
was  broken  in  different  years  in  some  cases;  some  parts  in  autuxni 
others  in  spring;  one  part  was  left  without  a  crop  the  first  year,  i 
other  years  the  different  parts  bore  different  crops;  one  part  receive 
a  dressing  of  rotted  manure  in  a  year  when  none  of  the  others  wei 
fertilized. 

These  diversities  of  cultural  history  furnished  an  unusually  goo 
opportunity  to  study  their  effect  on  cold  resistance.  As  interestiii 
differences  occurred  in  the  amount  of  winter  loss  on  different  arei 
of  the  field.  Table  V  and  text  figure  1  are  inserted  to  show  the  differei 
treatments  these  areas  had  received.     As  the  1908  field  plats  to  b 
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ztiussed  later  were  seeded  on  an  adjacent  part  of  the  same  field, 
y  also  are  shown  in  the  figure."    Table  V  presents  the  history  of 


■^/* 


O  1.— Ground  plan  of  the  experimental  field  plata  of  alfalfia  in  1907  (B)  and  1908  (A),  showing  tlieir 
location  and  estimated  percentage  of  stand  in  June  and  August,  1909,  and,  in  connection  with  Table  V, 
the  previous  cropping  and  treatment  of  the  various  areas  composing  the  field.    (Scale,  1  inch — 100  feet.) 

a  The  1908  field  plats  are  fully  discusfled  on  pages  23  to  30,  inclusive,  but  the 
Titer's  desire  to  call  especial  attention  to  the  fact  that  the  great  differences  in  stand 
seerved  in  1909  on  the  various  portions  of  these  plats  are  due  in  large  part  to  tillage 
lect«  and  to  differences  in  previous  cropping  and  not  to  winterkilling. 

The  extent  to  which  winterkilling  was  effective  in  thick  a^  compared  with  thin 
and»  may  be  seen  best  by  a  study  of  Table  VIII,  page  23.  A  comparison  of  the 
wo  "Total "  and  two  '*  Loss"  columns  in  this  table  shows  that  the  percentage  of 
Ne  was  greater  in  every  case  on  the  square  yard  having  the  thinner  stand;  that  is, 
lie  smaller  total  number  of  plants. 
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each  area  of  the  plats  shown  in  figure  1.     Estimations  of  the  stand 
were  made  early  in  June,  1909,  and  again  late  in  August. 

Table  V. — Record  of  previous  crops  grown  and  of  treatment  given  the  land  used  far  ik 
experimental  field  plats  of  alfalfa  in  1907  and  1908.    [See  alto  fig.  l.\ 


Year. 

Area  I. 

Area  II. 

Ana  III. 

AiealV. 

1904 

Vlrirfn  pralHft^ ,, 

Virgin  prairie 

Prairie— had        been 

Virgin  pfatrie. 

broken  some  years 
before,  cropped,  and 

then  allowed  to  re- 

turn to  sod. 

1906 

Broken  In  spring,  not 
seeded,  and  Krew  up 
to  Russian  thistles. 

Virffin  prairie 

Rebroken   iuv  spring 
and  sown  to  oate. 

Virgin  prairie. 

Fall-plowed. 

1906 

Small  -  grain      plats. 
Plowed    and    disked 

Broken  up  in  October. 

Grain.    Fall-plowed  . .    Broken  up  In  October. 

B.  Manured  on  stub- 

In autumn. 

ble  in  autumn. 

1907 

B,  Alfalfa  (1907  field 

B,  Alicia  (1907  field 

B,  Alfalfa  (1907  field 

B,  AllAlfifc  (1907  fitH 

plats). 

plats). 

plate). 

plate). 

A ,  Oats,  stubble  ma- 

A,  Oats,  stubble  ma- 

A,  Oate,  stubble  ma- 

A, Oate,  8tubbfe» 

nured. 

nured. 

nured. 

nured. 

1906 

B,  Alfklfa  (1907  field 

B,  Alfalb  (1907  field 

B,  AU^Uk  (1907  field 

B,  AUaUa  (1907  M 

plats). 

plate). 

plate). 

P>*<a)- 

A,  Alfal&t  (1906  field 

A,  AlliAlfa  (1908  field 

A,  AlfblCa  (1908  field 

A,  AUalila  (19%  field 

1909 

plats). 
A  and^,Alfolf^ 

plate). 
A  and  £,  Alfialfia 

plate), 
il  and  J3,  Alfalfa 

plate). 
A  and  B,  AlMfa. 

SOIL  PREPARATION,  WEATHER  CONDITIONS,  AND  OTHER  OBSERVATIONS 

DURING    1907   AND    1908. 

In  the  spring  the  land  for  the  1907  plats  was  double-disked  and 
harrowed  on  April  25  and  double -disked  crosswise  and  harrowed 
on  June  1.  Seeding  took  place  on  June  5,  after  a  good  rain.  The 
rainfall  of  the  summer  was  fairly  adequate,  though  almost  half  of  the 
4.82  inches  shown  in  Table  II  for  July,  1907,  occurred  in  two  heavy 
storms  only  three  days  apart.  Over  half  of  the  August  rain  fell  in 
one  storm.  The  autumn  was  dry.  September  had  about  a  normal 
precipitation,  while  October  had  only  0.10  inch  and  November  only 
0.02  inch. 

The  first  killing  frost  did  not  occur  until  September  29.  Before 
this  time  growth  had  stopped  and  the  plants  had  become  practicidly 
dormant  because  of  the  dry  weather.  Russian  thistles,  more  drought 
resistant  than  alfalfa,  came  up  thickly  and  overtopped  the  latter. 
An  ideal  plant  covering  to  hold  snow  was  created.  On  October  11, 
1907,  the  condition  of  the  plats  was  noted.  The  estimated  per- 
centage of  stand  on  this  date  for  each  plat  was  as  follows: 

Per  cent. 

•  Turkestan  (S.  P.  I.  No.  14786) 80 

Simbirsk,  Russia  (S.  P.  1.  No.  13857) 70 

Utah,  irrigated  (S.  P.  I.  No.  12784) 90 

Colorado,  irrigated  (S.  P.  I.  No.  12398) 90 

The  winter  of  1907-8  was  an  unusually  mild  one;  the  average  tem- 
perature for  the  winter  months  was  20.4°  F.,  this  being  almost  7 
degrees  above  the  16-year  normal. 
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The  lowest  temperature  of  the  winter  occurred  on  February  1  and 
as  preceded  by  two  days  of  snow.  This  was  the  only  really  cold 
lell  experienced  during  that  season,  and  the  alfalfa  was  amply  pro- 
K^ted  by  snow  throughout  the  period. 

Mild  as  this  winter  was,  some  winterkilling  occurred  in  all  the 
trains.  The  amount  was  negligible  in  the  Turkestan  and  Russian 
trains,  the  former  showing  the  smaller  loss.  The  Colorado  and  Utah 
lats  suffered  some  loss,  though  not  enough  to  reduce  them  to  unprof- 
•ableness.  All  stands  were  sufficient  to  justify  leaving  the  plats  over 
uring  the  winter  of  1908-9.  They  will  receive  further  discussion  in 
onnection  with  the  field  plats  seeded  in  the  spring  of  1908. 

A  fact  of  some  interest  was  noted  regarding  the  comparative  hardi- 
ness of  alfalfa  and  red  clover  during  this  dry  open  winter.  Six 
lats  of  the  latter  on  land  adjacent  to  the  Simbirsk  and  Turkestan 
lats  showed  losses  in  stand  ranging  from  55  to  95  per  cent. 

In  order  to  show  the  temperature  conditions  endured  by  the  1907 
eeding  as  compared  with  the  1906  and  1908  experiments,  Table  VI 
3  presented. 

*ABLB  VI. — Monthly  mean  temperatures  for  the  mnters  of  1906,  1907,   and  1908,  at 

Dickinson,  N.  Dak. 


Month. 


RoTeniber. 
December.. 

tainary 

Febniary.. 
MiTch..... 

Mean 


Monthly  mean. 


Average 
for  16 

1906-7. 

1907-8. 

1908-0. 

years. 

•F. 

*F. 

*F. 

•F. 

27.3 

26.3 

31.8 

32.5 

18.6 

14.5 

23.5 

17.1 

11.0 

-3.9 

22.1 

7.9 

11.9 

15.6 

16.7 

16.7 

23.5 

28.5 

23.8 

27.7 

18.5 

16.2 

23.4 

20.4 

The  Turkestan  and  Russian  strains  of  alfalfa  not  only  did  not 
suffer  serious  loss,  but  by  the  summer  of  1909  showed  an  improved 
condition  of  stand.  This  change  was  one  of  appearance  and  not  an 
actual  thickening  of  the  stand.  It  varied  in  the  different  areas  shown 
in  figure  1  and  appeared  to  be  due  in  large  part  to  a  progressive 
inoculation  of  the  soil  with  nitrifying  bacteria  as  the  plants  became 
better  established. 

The  most  important  fact  gleaned  from  the  small  experiment  begun 
in  the  spring  of  1907  was  that  the  common  form  of  alfalfa,  which  in  a 
little  more  than  half  a  century  has  been  extended  so  generally  over 
the  western  half  of  the  United  States  and  which  has  for  many  years 
proved  sufficiently  hardy  throughout  Kansas  and  over  a  large  part 
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of  Nebraska,  is  not  cold  resistant  enough  to  endure  perfectly  even  i 
mild  winter  in  the  coldest  parts  of  the  Great  Plains. 

The  autumn  of  1907  furnished  another  illustration  of  the  importano 
of  dry  weather  during  the  fall  in  producing  dormancy.  The  wintci 
as  a  whole,  was  an  open  one,  but  there  was  a  snow  covering  of  utiliti 
during  the  only  critical  period.  Although  the  winter  was  an  abnoi 
mally  mild  one,  these  two  factors  were  probably  dominant  in  tin 
comparatively  successful  wintering  over  of  the  two  American  strains 
These  same  factors  and  a  greater  inherent  hardiness  appear  to  hai^ 
produced  the  better  results  observed  in  the  Turkestan  and  Simbii^ 
varieties. 


WINTERKILLING     (1908-9)     AND    YIELDS     (1909)    OF    THE     1907    FIEU 

PLATS. 

The  winter  of  1908-9  is  discussed  fully  later  in  connection  with  tha 
1908  row  experiments;  hence  it  need  not  be  taken  up  in  this  connefr 
tion.  Its  effect  on  the  1907  field  plats,  as  determined  in  the  sprii^ 
of  1909,  is  shown  in  Table  VII.  The  figures  presented  in  this  tabk 
were  secured  in  May,  1909,  by  counting  the  living  plants  and  th« 
winterkilled  crowns  on  selected  square  yards  which  showed  tlw 
highest  and  lowest  amount  of  loss. 

Table  VII. — Results  of  experiments  showing  the  relative  proportion  of  unnierHllm§ 
(1908-9)  of  the  alfalfas  in  the  experimental  field  plats  of  2907  and  their  yield  in  1909. 


S.P.I. 
No. 


13857 

12398 
1478G 
12784 


strain. 

Plants  on  square  yard  showing  the 
least  winterkilling. 

Plants  on  square  yard  showing  the 
greatest  winterkilling. 

Living 
plants. 

Dead 
plants. 

Total. 

Loss. 

Living 
planta. 

Dead 
plants. 

Total. 

IjOSS. 

Simbirsk, 

Russia 

Colorado 

Turkestan... 
Emery,Utah. 

Number. 

m 

236 

120 

20 

Number. 
23 
70 
10 
91 

Number. 

92 

306 

130 

111 

Per  cent. 

25.00 

22.87 

7.60 

81.98 

Number. 
45 

32 
31 

4 

Number. 

33 
191 

30 
127 

Number. 

78 

223 

61 

131 

Percent. 
42.30 
86.00 
49.18 
96.94 

Yiekiaf 

whole 
pbL 


i.ia 
2.  as 

I.IT? 


A  comparison  of  the  figures  in  the  percentage  of  loss  colunms  in 
Table  VII  will  show  how  great  the  differences  in  winter  loss  were  in  the 
same  varieties,  but  on  different  parts  of  the  same  plat.  Some  discus- 
sion of  the  particular  factors  that  may  have  produced  these  differences 
will  be  taken  up  in  connection  with  the  1908  field  plats. 

Attention  here  is  directed  only  to  Colorado  alfalfa,  S.  P.  I.  No. 
12398,  which  originally  had  an  unusually  thick  stand  over  the  whole 
plat.  On  the  square  yard  where  the  least  winterkilling  had  taken 
place  only  70  plants  (23  per  cent)  out  of  306  were  killed,  while  on  the 
other  191  (86  per  cent)  out  of  223  succumbed. 
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PI4AT  EXPERIMENTS  AT  DICKINSON,  N.  DAK.,  BEGUN  IN 

1908. 


WINTERKILLING   AND   YIELDS. 

In  the  spring  of  1908  a  second  series  of  field  plats  was  seeded  by  the 
ibexperiment  station  at  Dickinson,  N.  Dak.  These  are  in  charge  of 
le  junior  writer  cooperating  with  Mr.  J.  M.  Westgate,  Agronomist  in 
le  Office  of  Forage-Crop  Investigations.  As  may  be  seen  by  refer- 
ice  to  figure  1,  the  new  seedings  are  situated  immediately  north  of 
le  1907  field  plats  and  share  with  these  the  diversities  in  the  previous 
popping  and  treatment  shown  in  Table  V. 

Counts  of  all  the  living  and  dead  plants  on  selected  square  yards 
^ere  made,  as  in  the  case  of  the  1907  seedings.  The  results  are 
liown  in  Table  VIII. 

'able  VIII. — Results  of  experiments  showing  the  relative  proportion  of  winterkilling 
(1908-9)  of  the  alfalfas  in  the  experimental  field  plats  of  1908  and  their  yield  in  1909. ^^ 


wP.I. 

No. 


Variety  or  strain. 


0247 
D217 


Turkestan 

Ortmm  (Nebraska). . 
Grimm  (Montana) . . . 

Europe^ 

Canada 

Darmstadt,  Germany 

do 

Kansas  <? 


Plants  on  square  yard  show- 
ing the  least  winterkilling. 


Liv- 
ing 
plants. 


Dead 
plants. 


Num- 
ber. 
99 
87 
76 
88 
78 
100 
45 
65 


JVftTO- 

her. 
8 
1 
0 
0 
9 

41 
0 

36 


Total. 


JVtt7?l- 

her. 

107 
88 
76 
88 
87 

141 
45 

101 


Loss. 


Per 

cent. 

7.47 

1.13 

0.00 

0.00 

10.34 

29.07 

0.00 

35.65 


Plants  on  square  yaid  show- 
ing the  greatest  winterkilling. 


Liv- 
ing 
plants. 


Numr 
ber. 
60 
42 
51 
40 
8 
22 
18 
16 


Dead 
plants. 


Num^ 

ber. 

30 

5 

0 

9 

6 

11 

13 

23 


Total. 


iVfiw- 
ber. 
90 
47 
51 
49 
14 
33 
31 
39 


Loss. 


Per 
cent. 
33.33 
10.63 

0.00 
18.35 
42.85 
33.33 
41.93 
59.00 


Calcu- 
lated 
yield 
per 
acre. 


Pounds. 
1,156 
1.474 
1,487 
2,136 
912 
1,603 
1,960 
1,044 


«  Mr.  Charles  H.  Clark,  Special  Agent,  Crop  Physiology  and  Breeding  Investigations,  Bureau  of  Plant 
bdostry,  rendered  painstaking  and  efllcient  help  in  making  many  of  the  determinations  presented  in 
u^paper.  Mr.  O.  J.  Grace,  Acting  Superintendent,  also  rendered  much  assistance. 
^  ThB  plat  is  located  between  two  plats  sown  in  1907.  The  seed  was  imported  as  sand  lucem  from  Europe 
w  the  substation.  On  an  examination  of  the  plants  it  proves  to  be  neither  the  true  sand  lucem  nor  the 
■HaUed  commercial  or  false  sand  lucem.  It  is  almost  wholly  lacking  in  variegated  flower  color,  and  bv 
m  gBDeral  habit  of  growth,  appearance,  leafage,  etc.,  suggests  the  possibility  that  it  is  a  Turkestan  allialfa 
{Juiterated  with  a  small  quantity  of  ordinary  middle  European  alfalfa.  The  plat  shown  in  the  upper 
feft-hand  corner  of  figure  1  is  from  the  same  seed.    Its  yield  was  not  taken. 

«This  plat  is  also  located  between  two  1907  plats  (see  figure  1).  According  to  Mr.  J.  M.  Westgate 
tt  was  grown  from  seed  a  part  of  which  at  least  was  from  a  field  planted  with  variegated-flowered  al&lCa 
*Hd,  (Mesamably  procured  originally  from  central  Europe. 

OBSERVATIONS   ON   DIVERSITY   OF   CONDITIONS. 

Several  interesting  conditions  were  observed  on  both  the  1907  and 
1908  plats.  These  are  shown  in  a  measure  in  Tables  VII  and  \nil 
and  in  figure  1.     The  following  deserve  especial  consideration: 

(1)  Differences  in  the  original  stand  on  different  parts  of  the  same 
plat.  This  becomes  evident  on  comparing  the  columns  marked 
**Total"  for  each  plat  shown  in  Table  VIII. 

(2)  Differences  in  the  amount  of  winterkilling  on  different  parts  of 
the  same  plat.  In  these  cases  the  greater  percentage  of  loss  appears 
to  have  taken  place  on  the  part  that  had  the  poorer  stand  originally. 
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(3)  Differences  in  the  percentage  of  loss  in  the  two  Grimjn  samples, 
despite  the  fact  that  these  were  both  grown  from  the  same  original 
stock. 

(4)  Differences  in  the  color  and  vigor  of  the  plants  and  finally  in 
the  amount  of  growth  on  the  different  areas.  The  latter  finds  partial 
expression  in  the  diversities  in  yield. 

(5)  Differences  in  yield  which  show  practicaUy  no  correlation  to 
any  of  the  conditions  mentioned  above  except  the  last. 

Differences  in  Original  Stand. 

That  some  of  the  differences  in  the  original  stand  are  due  to  diffe^ 
ences  in  the  preparation  of  the  soil  and  the  previous  cropping  is 
probable,  as  they  follow  exactly  the  division  lines  of  the  "lands," 
shown  by  the  broken  lines  in  figure  1,  page  19.  How  sensitively 
alfalfa  reacts  to  even  slight  variations  in  preparing  the  soil  is  shown 
on  both  Areas  II  and  III,  but  especially  on  the  latter.  Here  the 
uphill  or  east  furrows  have  a  much  better  stand  and  higher  growth 
than  the  downhill  or  west  furrows. 

To  show  more  concretely  the  diversities  in  stand  on  the  differently 
treated  strips  of  the  field  after  the  winter  of  1908-9,  the  estimated 
percentage  on  each  for  all  plats  is  stated  in  figure  1.  In  the  case  of 
plat  21217  the  difference  in  estimated  stand  between  the  east  and 
west  ends  amounts  to  fully  70  per  cent. 

The  soil  was  very  dry  in  the  fall  of  1906  when  the  sod  was  farokeo 
up  on  Area  II,  so  dry,  in  fact,  that  the  plowman  had  great  difr 
culty  in  getting  his  plow  to  '^bite''  when  going  down  hill. 

Differences  in  Amount  of  Winterkilling. 

The  differences  in  the  amount  of  winterkilling  are  traced  with 
greater  difficulty  and  less  certainty  than  those  producing  differences 
in  the  original  stand.  However,  there  are  certain  interrelations. 
The  square  yard  of  each  plat  showing  the  thinner  stand  suffered  the 
greater  loss  in  each  case.  Hence,  a  lack  of  thickness  of  stand  itself 
probably  has  an  important  bearing.  An  inferior  snow-holding 
capacity  results  and  a  greater  consequent  exposure  to  the  weather. 
Furthermore,  thick  stands,  through  greater  transpiration,  moPB 
quickly  exhaust  excess  moisture  from  the  soil.  The  probable  impo^ 
tance  of  this  factor  is  more  fully  discussed  later. 

Another  factor  both  directly  and  indirectly  of  importance  in  winte^ 
killing  on  the  1907  and  1908  field  plats  is  inoculation.  Its  direct 
importance  rests  on  the  robustness,  vigor,  and  generally  greater 
hardihood  that  results  from  perfect  nutrition.  Inoculation  conduces 
to  a  better  root  development,  higher  growth,  and  more  leafage,  the 
two  latter  making  a  more  nearly  perfect  covering  to  bind  the  winter's 
snow. 

185 


FIELD  PLAT   EXPEBIMENTS  AT   DICKINSON,  BEGUN   IN   1908.       25 

Differences  in  Cold  Resistance  of  Two  Samples  of  Grimm  Alfalfa. 

The  difference  in  the  amount  of  winterkilling  in  the  two  Grimm 
unples  raises  the  important  and  interesting  question  as  to  what 
luse  or  causes  this  is  due. 

Both  the  Montana  and  Nebraska  seed  were  grown  from  S.  P.  I. 
To.  12991,  the  former  at  Chinook,  in  northern  Montana,  and  the  lat- 
3r  at  Ahna,  in  southern  Nebraska,  near  the  Kansas  line.  Grimm 
\o,  12991  was  grown  in  Minnesota  in  1904.  The  weakness  of  the 
[ebraska  race  as  compared  with  that  from  the  Montana  seed  was 
nly  slightly  apparent  where  the  stand  was  thickest,  but  amounted 
0  over  10  per  cent  on  the  square  yard  with  the  thinner  stand.** 

^  The  difference  in  the  winter  hardiness  of  the  two  Grimm  samples  is  not  so  great 
B  to  be  outside  the  limit  of  possible  error  in  field  plat  work.  This  is  especially  true 
[  the  present  plats,  which  were  put  in  only  with  ordinary  care  on  land  showing  a 
ride  range  of  diversity  in  tillage  effects.  Nevertheless,  several  possibilities  that 
uggest  themselves  as  being  concerned  in  this  difference  in  cold  resistance  deserve 
lOtice  in  this  connection: 

(1)  Free  hybridization  between  the  Grimm  field  and  neighboring  fields  of  the  fax 
Bn  hardy  ordinary  alfalfa.  Common  alfalfa  is  grown  in  both  sections;  hence  there 
rould  be  some  tendency  toward  equalization  as  to  the  factor.  However,  natural 
election  toward  cold  resistance  is  operative  every  winter  in  northern  Montana  and 
rery  rarely  operative  in  southern  Nebraska.  The  result  of  this  should  be  a  hardier 
ace  of  common  alfalfa  in  Montana  than  exists  in  Kansas  or  in  Nebraska  south  of  the 
Platte  River.  There  is  little  doubt  that  this  is  actually  the  case,  both  from  experi- 
nental  evidence  and  from  the  fact  that  there  is  a  general  demand  for  Montana  seed 
in  preference  to  Kansas,  Nebraska,  or  Utah  seed  for  use  in  cold  regions.  Hence,  the 
ireakneffi  that  probably  results  from  hybridization  would  be  greater  in  a  measure  in 
the  southern-grown  race. 

(2)  Further  selection  toward  cold  resistance  in  Montana  and  a  slight  reversion,  if 
inything,  in  southern  Nebraska.  Alma  is  approximately  300  miles  farther  south  than 
the  Grimm  section  of  Minnesota  and  600  miles  south  and  almost  as  much  east  from 
Qiinook. 

The  selective  power  of  the  Montana  as  compared  with  the  Nebraska  climate  is 
riiown  in  a  measure  by  the  monthly  minima  for  Alma  and  Chinook  presented  in  the 
following  table.  The  winters  shown  are  those  that  intervened  between  the  seeding, 
which  took  place  in  the  spring  of  1905,  and  the  harvesting  in  the  fall  of  1907  of  the 
seed  used  at  Dickinson  on  the  1908  field  plats. 

Minimum  monthly  temperatures  for  the  cold  months  of  1905 ^  1906 ^  and  1907  at  Chinook, 

Mont.,  and  Alma,  Nebr. 


Locality. 

Winter  of  1906-6. 

winter  of  1906-7. 

Oct 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Cblnooka 

Xlina 

•F. 

-  8 
17 

•F. 

-28 
5 

•F. 

-18 
C 

•F. 
-21 
—  3 

•F. 

-1ft 

—  2 

•F. 

—  14 

•J". 

15 
16 

-  7 

7 

•F, 

-15 
2 

•Jf. 

-45 
n 

•15". 
-43 
-  6 

•P. 

-8 

1 

*  The  reciMtls  for  both  Chinook  and  Havre,  Mont.,  were  used  in  securing  these  minima  on  account  of  gaps 
D  the  record  of  the  former. 
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Another  point  to  be  noted  in  Table  VIII  with  reference  to  tim 
Grimm  samples  is  that  the  one  whose  loss  from  winterkilling  wis 
greater,  nevertheless  gave  practically  the  same  yield  as  the  one  thafc 
suffered  no  loss.  This  is  due  to  the  fact  that  the  Nebraska  Grimm.' 
alfalfa  had  fully  5  per  cent  better  stand  on  the  plat  as  a  whole  than 
the  Montana  Grimm. 

The  following  comparison  of  their  germination  gives  a  reasonablie 
explanation  of  this  diflPerence  in  stand,  and  at  the  same  time  brinors 
to  light  another  difference  in  the  progeny  of  S.  P.  I.  No.  12991  as 
grown  in  Montana  and  Nebraska  quite  as  profound  as  the  diversity 
in  hardiness,  namely,  in  the  percentage  of  hard  seed. 


a.  P.I. 

No. 


21735 
21827 
12991 


Strain. 


Oermiiia-  I      Hard 
tion.  seai. 


Per  cent.       Prr  Cfti 


* 


Grimm  f  Nebraska) 

Grimm  (Montana) j  45. 5  !  ii.  ~ 

Grimm  (Minnesota) '  eao  36lSB 


77.5  j  H 


The  percentages  of  germination  and  hard  seed  of  the  Nebraska- 
grown  stock  are  the  average  of  five  tests,  those  of  the  Montana  of 
two  tests.  These  tests  were  made  in  the  winter  of  1908.  In  the 
spring  of  1909  both  strains  were  again  tested,  with  the  foUowing 
results: 


S.P.I 
No. 


21735 

21827 


Grimm  (Nebraska). 


strain.  «<^taa- 


Percent. 
83.5 


Grimm  (Montana) 53. 5 


Hard 
seed. 

Length 
of  test. 

Percent. 

lao 
3a5 

DMft. 

The  subject  of  liard  seed  is  little  understood,  and  attention  here  is 
directed  to  it  only  because  it  accompanies  an  observable  difference 
in  hardiness  in  the  same  race  grown  under  unlike  climatic  conditions. 

The  difference  in  winter  weather  shown  by  these  minima  is  a  great  one,  and  might 
of  itself  be  a  sufficient  explanation  of  the  difference  in  the  winter  loss  of  the  two 
Grimm  plat^^. 

(3)  The  third  fa(?tor  of  probable  influence  Ls  new-place  effect,  due  to  a  disturbance 
of  local  adjustment  in  the  variety  brought  about  by  transporting  it  from  one  set  of 
conditions  to  another.  The  warm  climate  at  Alma  would  be  especially  likely  to  call 
forth  new-place  diversities.  It  is  of  course  im|>08sible  to  determine  the  amount  of 
change  any  one  of  the  factors  discussed  may  have  produced.  Their  potency,  however, 
is  scarcely  open  to  question. 

The  important  phenomenon  of  local  adjustment  in  cotton  varieties  has  been  dis- 
cussed recently  by  Mr.  O.  F.  Cook  in  *' Local  Adjustment  of  Cotton  Varieties," 
Bulletin  159,  Bureau  of  Plant  Industry,  Sept-ember,  1909.  Observations  made  the 
past  season  by  the  senior  writer  of  the  present  paper  indicate  that  this  phenomenon 
also  occurs  in  alfalfa  when  subjected  to  a  change  of  place. 
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Differences  in  Color,  Vigor,  and  Amount  op  Growth  op  Plants. 

The  differences  in  the  color,  vigor,  and  amount  of  growth  of  alfalfa 
lants  find  partial  expression  in  Table  VIII  in  the  figures  giving 
iekls,  which  are  discussed  below.  They  are  so  evident  on  the  plats 
hemselves  as  to  suggest  immediate  inquiry. 

On  September  1,  1909,  the  plants  of  the  1908  seedings  on  Area  IV 
fig.  1,  p.  19)  averaged  fully  16  inches  high,  those  on  Area  III  about  8 
aches,  while  those  on  Areas  I  and  II  averaged  about  7  and  8  inches, 
espectivel3^  Furthermore,  the  plants  of  the  thick  stand  on  Area 
V  had  the  healthy  dark-green  color  of  well-inoculated  alfalfa,  while 
Lreas  I  and  II  had  unthrifty  plants  of  a  pale  yellowish  green.  On 
krea  III  even  the  plants  making  up  the  thin  stand  on  both  up  and 
lowTi  furrows  showed  more  growth  and  better  color  than  did  the 
plants  on  Area  II. 

Differences  in  Yield.o 

In  view  of  the  differences  in  the  extent  of  winterkilling  and  in  the 

carefully  estimated  percentages  of  present  stand,  shown  in  figure  1, 

the  diversities  in  yield  for  the  different  plats  are  decidedly  interesting. 

Take,  for  example,  S.  P.  I.  No.  20988,  which  lost  only  about  7i  per 

cent  of  the  plants  on  a  selected  square  yard  where  the  stand  was 

thickest  and  33  J  per  cent  where  thinnest.     Compare  this  with  S.  P.  I. 

No.  21269,  which  lost  over  29  per  cent  on  the    better  part  of  the 

plat  and  33^  per  cent  where  the  stand  was  poor.     Although  there  is 

no  great  difference  in  the  average  number  of  living  plants  remaining 

on  the  better  portions  of  both  plats,  and  the  number  of  living  plants 

on  the  poorer  part  of  No.  20988  is  fully  three  times  as  great  as  that 

on  the  corresponding  part  of  No.  21269,  the  latter  outyielded  the 

former  by  450  pounds  per  acre. 

About  September  1,  1909,  careful  estimates  were  made  and  the 
following  comparison  shows  the  stand  on  the  different  areas  of  both 
plats: 


1 
R.P.I. 
No. 

Strain. 

Good. 

Medium. 

Poor. 

2D9S8  1  Turkestan 

Per  cent. 
SO 
9() 

Per  cent. 
3.'} 

Per  cent. 
75 

20 

21268    Commercial  sand  lucem - .  - 

A  similar  disagreement  in  yield  and  stand  exists  between  S.  P.  I. 
Nos.  21217,  commercial  sand  lucem,  and  21827,  Montana-grown 
Grimm  alfalfa.  Although  the  former  has  a  thin  stand  over  two- 
thirds  of  the  plat  and  showed  some  winterkilling  where  the  stand  w^as 


oSee  Table  VIII,  p.  23,  in  connection  vnth  this  discussion. 
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thin,  while  the  latter  was  wholly  uninjured  and  has  on  the  whole  a; 
far  thicker  stand,  still  No.  21217  gave  a  yield  of  2,000  pounds  pet- 
acre,  while  No.  21827  produced  only  1,487  pounds. 

An  even  more  striking  result  is  apparent  on  comparing  Turkestan, 
S.  P.  I.  No.  20988,  in  Table  VIII,  with  Utah,  S.  P.  I.  No.  12784,  in  Table 
VII.  The  average  winterkilling  for  the  two  parts  of  the  Turkestan 
plat  was  about  20  per  cent,  with  80  per  cent  of  a  perfect  stand  remain- 
ing. The  Utah  plat  winterkilled  almost  90  per  cent  and  still,  accord- 
ing to  the  scales,  produced  as  much  hay  as  the  Turkestan.  A  part 
of  this  discrepancy  may  be  explained  by  the  general  inoculation  of 
the  surviving  plants  of  the  Utah  strain,  but  the  controlling  factor 
was  the  weeds  harvested  and  weighed  with  the  alfalfa. 

Weeds  constituted  a  large  proportion  of  the  product  of  all  the  plats 
or  parts  of  plats  which  had  thin  stands  originally  or  which  suffered 
severe  winter  losses.  In  the  1907  section  of  the  field  the  latter  con- 
dition applies  particularly  to  the  Utah,  Kansas,  and  Colorado  strains, 
and  the  former  in  a  measure  to  all  parts  of  the  plats  included  in 
Areas  II  and  III.  On  the  western  two-thirds  of  the  east  tier  of  the 
1908  plats  the  stand  of  alfalfa  was  very  light,  and  weeds  made  up  t 
large  part  of  the  haj'-  yield.  The  three  plats  on  the  west  side  of  the 
field  (see  fig.  1,  p.  19)  had  sufficiently  thick  stands  of  alfalfa  t-o  hold 
the  weeds  under  complete  check.  The  Canadian  plat's  product, 
small  as  it  is,  was  still  more  largely  made  up  of  weeds.  The  original 
seeding  on  this  plat  was  very  thin. 

These  differences  are  traceable  almost  wholly  to  inoculation. 
Almost  one-third  of  plat  21217  (all  of  Area  IV)  is  perfectly  inocu- 
lated, while  only  scattering  plants  on  21827  show  signs  of  inoculation. 
As  previously  stated,  on  September  1  the  growth  on  Area  IV  aver- 
aged about  16  inches  high,  while  that  on  Areas  I  and  II  was  less 
than  8  inches.  The  yields  given  are  for  the  first  crop.  Those  for 
the  second  crop  vary  even  more  strikingly,  but  are  not  given,  as  rains 
made  it  necessary  to  scatter  and  rebunch  the  hay  several  times.  In 
doing  this  some  confusion  arose,  making  the  figures  as  a  whole 
unreliable,  hence  their  omission. 

That  the  diversities  in  yield  commented  upon  are  really  due  to  a 
difference  in  the  extent  of  inoculation  is  readily  apparent  upon  even 
a  casual  examination.  A  comparison  between  the  1908  plats  (Table 
VIII)  and  the  1907  plats  (Table  VII)  furnishes  additional  evidence 
that  is  of  interest.  The  latter  are  uniformly  inoculated,  while  the 
former  are  not. 

The  average  stand  on  Turkestan  plat  No.  14786,  seeded  in  1907,  is 
practically  identical  with  that  of  Turkestan  No.  20988,  seeded  in 
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OS.  The  yield  of  the  former,  2,502  pounds  per  acre,  was  more  than 
rice  that  of  the  latter,  which  gave  only  1,156  pounds. 
.Ajnother  factor  with  reference  to  the  1908  field  plats  that  deserves 
ention  is  a  difference  in  the  amount  of  seed  applied  to  the  different 
ats.  The  following  shows  the  rate  per  acre  at  which  the  seeding 
*  tlie  various  strains  of  alfalfa  was  done: 

Pounds. 

Turkestan  (S.  P.  I.  No.  20988) 15.4 

Sand  lucem  (S.  P.  I.  No.  21217) 13.7 

Sand  lucem  (S.  P.  I.  No.  21269) 9. 2 

Grimm  (S.  P.  I.  No.  21827) 13. 9 

Grimm  (S.  P.  I.  No.  21735) 10.2 

Canadian  (S.  P.  I.  No.  21247) 4.4 

Kansas  (S.  P.  I.  No.  19508) ,  14. 9 

IMPORTANCE   OF   INOCULATION. 

As  the  foregoing  discussion  shows,  many  factors,  some  of  them 
probably  imrecognized,  interacting  in  a  complex  and  imperfectly 
inderstood  manner,  must  be  taken  into  consideration  in  comparing 
,he  yields  given  of  the  different  plats,  and  too  great  reliance  must 
lot  be  placed  on  them. 

Another  plat  of  Grimm  alfalfa  seeded  in  1908  with  Minnesota  seed 
rives  an  opportunity  for  comparing  the  same  variety  under  uniform 
5eld  conditions  with  the  Grimm  as  grown  under  the  very  dissimilar 
conditions  prevailing  on  the  1908  experimental  seedings.  The  small 
field  of  Grimm  which  is  referred  to  as  the  '*  valley  plat'*  is  located  in 
a  slight  depression  farther  up  the  slope  and  about  600  feet  northwest 
of  the  1908  field  plats.  It  was  seeded  the  same  day  as  the  latter  and 
has  a  perfect  stand  except  at  one  point  where  evidently  some  of  the 
drill  hose  became  clogged.  The  valley  plat  contains  a  net  area  of 
1.22  acres  and  produced  4,098  pounds  of  cured  hay  per  acre  for  the 
first  cutting.  This  yield  should  be  compared  with  the  Nebraska- 
grown  Grimm  which  had  only  a  slightly  poorer  stand,  but  produced 
less  than  1,500  poimds  of  hay  per  acre.  The  former  had  general 
inoculation,  while  the  latter  had  practically  none.  It  might  be 
mentioned  that  a  pure  culture  was  used  to  inoculate  the  seed  sown 
on  the  Nebraska  Grimm  plat,  while  the  valley  Grimm  plat  was  inocu- 
lated both  with  a  pure  culture  and  with  alfalfa  dirt.  In  this  case  the 
soil  inoculation  appears  to  have  been  the  more  eflicacious,  though 
diversity  in  conditions  makes  satisfactory  comparisons  impossible. 
The  valley  plat  soil  is  somewhat  better,  though  the  two  soils  do  not 
differ  materially.  The  valley  plat,  originally  virgin  prairie,  was 
broken  and  disked  July  20,  1907.     It  was  well  disked  and  harrowed 
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in  the  spring  of  1908  and  seeded  to  alfalfa  May  27,  1908.    It  is  com* 
monly  believed  that  alfalfa  does  not  do  well  on  new  ground- 
That  inoculation  has  even  more  direct  relations  to  cold  endurance 
than  those  already  discussed  appears  to  be  shown  by  observationg 
made  during  the  autumn  of  1909. 

On  the  night  of  September  25  a  light  frost  occurred.  During  tim 
following  day  Mr.  Clark  made  the  interesting  observation  that  the 
well-inoculated  parts  of  all  plats  remained  uninjured,  while  the  parts 
that  had  only  slight  inoculation  or  none  at  all  were  markedly  affect^ 
During  the  night  of  October  8  a  sharp  frost  (24°  F.)  occurred,  which 
affected  all  areas  alike  except  Area  IV.  The  latter  had  the  heaTT 
growth,  dark-green  color,  and  general  robustness  that  accompanj 
perfect  inoculation.  The  same  observations  were  recorded  for  the 
valley  plat  of  Grimm  alfalfa,  which  has  like  evidences  of  inocula- 
tion but  is  located  farther  up  the  slope  and  northwest  from  the  19t)7 
and  1908  field  plats;  however,  in  this  case  a  slightly  higher  altitu(^ 
must  also  be  taken  into  consideration. 

Similar  observations  as  to  the  frost  resistance  of  inoculated  j)ldDts 
were  also  recorded  in  the  case  of  well-inoculated  row  experiments 
located  alongside  the  field  plats. 

DBILL-BOW   AND    HILL  EXPEBIMBNTS   AT  DICKINSON,   N.    DAK., 

BEGUN  IN  1908. 

In  the  early  spring  of  1908  arrangements  had  been  concludetl  for  a 
more  comprehensive  test  of  the  hardiness  of  alfalfa  than  any  pre- 
viously undertaken  in  the  United  States. 

In  accordance  with  the  plan  that  was  made,  sixty-eight  strains 
or  numbers  were  sown  on  May  15  in  duphcate  series.  One  complete 
set  was  sown  in  drill  rows  3  feet  apart  with  one  row  of  each  kind. 
These  rows  are  50  feet  long,  and  as  the  summer  advanced  the  plant;? 
in  them  were  thinned  out  to  one  every  8  to  12  inches,  leaving  only 
the  most  vigorous  plants.  The  second  series  was  in  hills  2^  feet  apart. 
There  were  25  hills  of  each  strain  which  during  the  summer  were 
thinned  out  to  one  individual  in  each  hill.  The  hills  of  each  strain 
were  planted  at  the  end  of  the  drill  rows,  so  that  both  methods  of 
seeding  were  combined  in  one  continuous  row. 

The  experimental  plat,  the  soil  of  which  is  a  rich,  black,  sandy  loam, 
lies  near  the  base  of  a  ridge  that  extends  in  a  general  east  and  west 
direction  and  furnishes  some  degree  of  protection  from  the  prevailing 
winter  winds  which  come  from  the  Northwest.  The  plat  slopes 
slightly  toward  the  middle  on  account  of  a  slight  depression  running 
diagonally  across  it.     This  affects  nearly  all  rows  equally. 
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OF  Experimental  Area,  Previous  Cropping,  and 

Preparation. 

riie  a.rea  used  for  the  drill-row  and  hill  experiments  was  virgin 
siirie  ^w^hich  was  first  broken  in  the  spring  of  1905  and  planted  to 
les.  The  land  was  plowed  in  the  fall  of  1905  and  then  disked.  It 
is  disked  and  harrowed  in  the  spring  of  1906  and  sown  broadcast 
small  clover  plats.  The  land  was  plowed  in  the  fall  of  1907  about 
nches  deep  and  worked  down.  The  ground  was  well  worked  in  the 
ring  of  1907  with  a  disk  and  harrow  before  starting  the  alfalfa 
periment.  The  soil  was  inoculated  by  sowing  earth,  taken  from 
i  experimental  alfalfa  plat  on  the  station  farm,  broadcast  at  the  rate 
about  400  pounds  per  acre. 

The  soil  would  probably  be  described  as  a  fine  black,  sandy  loam— 
Le  Morton  loam  as  described  by  the  Bureau  of  Soils.  The  following 
lechanical  analysis  is  furnished  by  the  Bureau  of  Soils  of  the  United 
bates  Department  of  Agriculture: 


4o.  of 
unple. 


13634 
13635 


Description  of  soil 
analysed. 


Top,  8  inches... 
Second,  8  inches. 


Fine 
gravel,  2 
to  1  mm. 


0.4 
.3 


I 


Coarse 
sand,  1  to 
0.5  mm. 


0.9 
.3 


Medium 

sand,  0.5 

to  0.25 

mm. 


1.4 

.9 


Fine 


Very  fine 


said?0.25,^°f^gvl 
too. I  mm.    ^?-°^ 


10.6 
9.7 


mm. 


19.3 
20.4 


Silt,  0.05 

to  0.005 

mm. 


47.3 
42.0 


Clay, 

0.005  to  0 

mm. 


20.1 
26.5 


Origin  op  Strains  used  in  Experiment. 

The  strains  used  in  the  experiment  were  chosen  with  a  \iew  to 
assembling  a  fairly  complete  collection  of  the  cultivated  alfalfas  of 
the  world;  but  in  the  case  of  American-grown  seed  no  attempt  was 
made  to  represent  a  climate  milder  than  that  of  central  Utah,  pre- 
vious observations  having  shown  that  no  degree  of  hardiness  worthy 
of  note  could  be  found  in  seed  from  the  milder  States  of  the  West 
and  Southwest.  Irrigated  and  unirrigated  or  dry-land  strains  were 
included  in  the  plan  in  order  to  secure  accurate  data  as  to  whether 
the  characters  producing  drought  resistance  were  in  any  way  corre- 
lated with  those  producing  cold  resistance. 

To  give  a  fuller  conception  of  the  wide  range  of  climatic  and  other 
conditions  represented  by  the  sixty-eight  strains,  Table  IX,  showing 
their  geographical  origin,  is  presented. 
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Table  IX. — Record  of  the  geographical  origin  of  the  sixty-eight  strains  of  alfalfa  ffnm^ 
in  the  drill-row  and  hill  experiments  at  Dickinson^  N.  Dak.y  in  1908-9.^ 


North  America  (26): 
Canada  (2). 
42,  43. 
Mexico  (2). 
44  45. 
United  States  (22): 

Colorado  (1)  irrigated. 

47. 
Kansas  (1). 

48. 
Minnesota  (1). 

51. 
Montana  (3)  irrigated. 

12,41,49. 
Nebraska  (3). 

26,  50,  53  (dry  land). 
North  Dakota  (2). 

52,  68. 
South  Dakota  (2). 

50,54. 
Utah  (9). 

Irrigated  (4). 

I,  5,  10,  64. 
Not  irrigated  (5). 

19,  22,  55,  56,  65. 
South  America  (5): 
Argentina  (3). 
14,  15,  16. 
Ecuador  (1). 

13. 
Peru  (1). 
11. 


Europe  (15): 
France  (5). 

23,  24,  25,  57,  60. 
Germany  (5). 

17,  58,  59,  62,  63. 
Italy  (1). 

61. 
Russia  (2). 

27,  29. 
Spain  (1). 

•     21. 
Commercial  (1). 
46. 
Asia  (19): 

Arabia  (4). 

6,  7,  8,  9. 
Mongolia  (3). 

2  3  4. 
Turkestan  (12). 

28,  30,  31,  32,  33,  34,  35,  36,  37, 
38,  39,  67. 

Africa  (3): 

Algeria  (2). 

18,  66. 
Tunis  (1). 

20. 


a  The  figures  In  parentheses  indicate  the  number  of  strains  from  the  country  or  State  named,  while  tiM« 
without  parentheses  refer  to  the  numbers  of  the  rows  in  which  the  strain  was  grown,  as  shown  in  Table  XIIL 

Numerous  strains  known  to  be  tender,  especially  from  foreign 
sources,  were  included  for  comparison.  The  least  hardy  of  these 
were  the  Arabian  and  Algerian  strains,  and  the  Andean  variety  repre- 
sented by  the  strains  from  Peru  and  Ecuador. 

On  account  of  the  great  interest  that  has  been  taken  in  Turkestan 
alfalfa,  especially  in  the  Northwest,  where  much  has  been  claimed  for 
it  in  the  way  of  hardiness,  a  selection  of  twelve  strains  from  that 
country  was  included  in  the  test. 

Weather  Conditions  During  the  Summer  of  1908. 

The  spring  and  summer  of  1908  were  exceedingly  favorable  for 
getting  a  catch  of  alfalfa.  Seeding  was  completed  on  May  15  and  was 
followed  by  prompt  germination.  A  good  stand  was  secured  in  prac- 
tically all  of  the  rows,  such  deficiencies  as  occurred  being  due  chiefly 
to  poor  germination.  As  may  be  seen  from  Table  II,  the  rainfall 
was  ample.     Indeed,  all  the  conditions  except  a  frost  that  occurred 
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i  August  22,  which  did  not  do  permanent  injury,  were  more  favor- 
le  than  had  prevailed  in  any  previous  year  since  experimental  work 
gan  at  this  place.  Growing  weather  continued  without  interrup- 
«i  until  the  27th  and  28th  of  September,  on  which  dates  killing 
>sts  occurred.  Thereafter  the  weather  grew  gradually  cooler. 
illing  frosts  came  again  on  October  7,  10,  and  11,  and  beginning 
th  the  17th  continued  nightly  with  one  exception  to  the  end  of  the 
onth.  Nearly  all  growth  had  ceased  in  the  strains  in  the  nursery 
r  October  23.  The  minimum  temperatures  fell  gradually  during 
le  first  half  of  November,  culminating  in  zero  weather  on  the  night 

the  14th. 
By  the  end  of  September,  when  growth-inhibiting  frosts  began,  all 

the  alfalfas  had  become  fully  estabUshed.  They  had  been  clipped 
ice  during  the  summer  (on  August  5),  and  the  second  growth  had 
ached  an  average  height  of  12  inches  or  more.  The  crowns  had 
ooled  out  well  and  the  plants  were  vigorous  and  of  a  healthy  color, 
iving  become  well  inoculated. 

In  discussing  the  experiments  begun  in  the  spring  of  1906,  emphasis 
as  laid  on  the  belief  that  the  dryness  that  prevailed  during  the  fall 
f  that  year  was  one  of  the  very  important  favorable  factors  that 
mbled  a  part  of  all  of  the  22  alfalfas  under  test  to  pass  unharmed 
irough  the  unprecedented  ly  severe  winter  of  1906-7.  This  has  been 
iscussed  in  some  detail  earlier  in  these  pages. 

The  following  statement  of  the  rainfall  for  September  and  October 
t  1906  and  1908  shows  an  important  disparity: 


Average  for        lof^ 
16  years.  **^- 


Inches.     I     Inches. 

eptember 1. 04  0. 25 

telDber I  .70  1  .14 


190& 


Inches. 
1.67 
2.47 


Autumn  Moisture  and  Its  Effect  on  Dormancy. 

hi  respect  to  the  factor  of  autumn  moisture  and  its  effect  on  the 
lormancy  of  alfalfa  plants,  conditions  in  1908  were  vastly  different 
lom  those  of  1906.  The  figures  given  above  show  the  wide  dilTer- 
mce  in  the  quantity  of  rain  that  fell.  In  the  humid  portions  of  the 
United  States  a  precipitation  of  approximately  1 J  inches  in  Septem- 
ber and  2J  in  October  occasions  no  comment,  but  in  the  dry  parts 
rf  the  Great  Plains  it  is  very  unusual.  Only  one  other  October 
(that  of  1898)  during  the  16-year, period  covered  by  the  Dickinson 
records  had  a  greater  precipitation  than  that  of  1908.  The  rains 
of  these  months  fell  in  such  a  manner  that  they  were  largely  taken 
up  by  the  soil.     Furthermore,  the  amount  of  moisture  available  to 
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each  plant  is  far  greater  in  stands  sown  in  rows  and   hills  than 
thick  stands  secured  by   the  ordinary  methods  of  seeding, 
appearance  of  the  experiment  on  October  1,  1908,  is  shown  in  Plate] 
figure  1  (frontispiece). 

As  a  result  of  this  moist  condition,  the  plants  went  into  the 
weather  that  came  toward  the  end  of  October  (16°  F.  on  the  23d)  in| 
comparatively  unhardened  condition.     Temperatures  inhibitory 
growth  occurred  late  in  September  and  at  intervals  during  Octol 
but  these  did  not  occur  frequently  enough  nor  were  they  long  enoi 
sustained  to  produce  the  gradual  and  complete  dormancy  observed 
1906. 

By  the  middle  of  November,  zero  weather  having  arrived  shoi 
before,  it  was  no  longer  possible  to  find  growing  stems  either  in 
drills  or  hills.     On  the  other  hand,  in  the  field  plats  mentioned 
Tables  VII  and  VIII,  which  were  sown  thickly  in  the  usual  way,| 
was  possible  as  late  as  the  20th  of  the  month  to  find  plants  with  stei 
still  in  a  fresh  and  growing  condition. 

Inasmuch  as  the  winter  as  a  whole  dealt  much  less  severely  with 
field  experiments  than  with  the  rows,  a  careful  canvass  has 
made  of  all  possible  explanations.  It  is  rarely,  if  ever,  possible 
tell  positively  in  such  cases  as  this  what  particular  factors  broi 
about  the  results  observed,  but  it  seems  probable  that  the  field  pi 
escaped  the  injury  suffered  by  the  hills  and  rows  for  some  or  all 
the  following  causes:  (1)  The  greater  protection  due  to  thick  sU 
the  thicker  stand  serving  to  hold  the  snow;  (2)  the  warmer  location 
a  pronounced  slope  (the  rows  are  located  near  the  base  of  this  sloj 
(3)  the  only  cutting  of  the  1907  and  1908  field  plats  being  done  mu< 
earlier  than  the  cutting  of  the  rows,  the  tissues  in  the  plants  of 
field  plats  had  a  chance  to  become  hardened,  and  finally  (4) 
account  of  the  dry  condition  of  the  soil  in  the  plats  as  compared  ^i\ 
the  rows.  The  last  factor  might  have  acted  directly  upon  the  roof 
of  the  plants  through  the  temperature  and  indirectly  bj^  bi 
about  a  hardening  of  tlie  tissues  of  the  plants  in  the  field  plats.  Thi 
dryness  was  brought  about  by  the  far  greater  run-off  due  to  hard 
uncultivated  topsoil  and  sidehill  location. 

Amount    of    Soil   Moisture    in    Alfalfa    Stands    of   Vakyew 

Thickness. 

Unfortunately,  determinations  of  the  percentage  of  soil  moistur 
in  the  field  plats,  hills,  and  drill  rows  were  not  made  in  the  autumn  € 
1908.  In  the  spring  of  1909,  experiments  were  undertaken  i 
determine  the  drying  effect  on  the  soil  of  alfalfa  stands  of  varyini 
thickness.     In  these  experiments  Grimm  alfalfa  plants  from  a  190 
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eding  were  transplanted  into  plats  with  definite  distances  between 
e  plants.  Early  in  November,  1909,  the  moisture  in  the  soil  in 
ese  plats  was  carefully  determined  to  a  depth  of  4  feet.  The 
Bults  of  these  determinations  and  several  others  are  presented  in  the 
IIoMring  table: 


LBL.B  X. — ResuLU  of  determinations  showing  the  percentage  of  soil  moisture  in  the 
-plats  of  alfalfa  broadcasted  and  planted  in  drill  rows  and  in  hills  having  stands 
of  varying  thickness,  Dickinson^  N.  Dak.,  November,  1909. 


Depth. 


ist  foot. .  . 
ooimI  foot, 
tiird  foot.. 
Mirtb  foot 


Drills. 

Hills. 

Hills. 

Hills. 

Broadcast. 

3  feet 

16  by  16 

24  by  24 

18  by  36 

apart. 

inches. 
Perceia. 

inches. 
Percent. 

inches. 

Percent. 

PercerU. 

Percent. 

12.6 

13.9 

13.2 

14.5 

16.6 

9.7 

11.9 

13.7 

14.7 

15.5 

9.9 

la? 

11.6 

12.2 

17.9 

8.4 

14.5 

12.4 

16.1 

18.8 

HUls. 

36  by  36 

inches. 


PercerU. 
17.6 
16.8 
14.7 
18.7 


It  will  be  noted  that  in  general  the  amount  of  moisture  in  the 
oil  varies  directly  with  the  thickness  of  the  plant  covering,  the 
hickly  broadcasted  plats  having  the  least  and  the  hills  18  by  36 
nd  36  by  36  inches  apart  the  most  moisture.  That  a  similar  con- 
lition  prevailed  in  the  autumn  of  1908  to  that  shown  in  Table  X 
or  1909  can  not  be  doubted.**  Moreover,  it  seems  likely  that  the 
percentage  of  moisture  in  1908  was  much  greater  than  in  1909,  as 
he  following  comparison  of  the  rainfall  for  the  two  years  would 
ndicate : 


leptember. 
Itetobcr... 


The  distribution  of  the  rainfall  in  1908  was  such  that  a  greater 
degree  of  saturation  probably  resulted  than  in  1909.     September, 

oThe  soil  moisture  figures  for  both  1908  and  1909  are  available  for  certain  com  and 
vbeat  plats.    The  following  percentages  are  the  average  for  the  top  3  feet  of  soil: 


Com. 

Wheal. 

Date. 

A. 

B. 

Date. 

A. 

B. 

Oct.  21. 1908 

Percent. 
21 
14.8 

Percent. 
21.4 
14.6 

Oct.  21, 1908 

PerceiU. 
15.5 
14.9 

Per  cent. 
16.4 

Ko?.  11. 1W» 

Nov.  23, 1909 

14.8 

These  plats  received  the  same  treatment  both  years, 
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1908,  had  eight  days  with  rain;  September,  1909,  nine  da3's,    Octo 
ber,  1908,  had  six  days  with  rain;  October,  1909,  had  three. 

The  moisture  determinations  shown  in  Table  X  all  relate  to  standi 
less  than  a  year  old.  To  determine  whether  similar  conditi<»l 
prevail  in  stands  of  greater  age,  with  a  varying  thickness  of  tid 
plant  covering,  4-foot  borings  were  also  made  in  various  places  U 
the  1908  seedings.  The  results,  which  are  corroborative,  are  pw 
sented  in  Table  XI. 

Table  XI. — Results  of  determinationa  showing  the  percentage  of  soil  maiMUirt  in  A 
190S  experimental  field  plats  and  drill  rows  of  alfalfa  at  Dickinson^  N.  Dak.,  a 
November,  1909.a 


Depth. 

Thick 

staivl.   Plat 

21217. 

Thin  stand. 
Plat  127JM. 

206  plants 

on  130 

square  feet. 

171  p!ant5 

on  1.200 

square  feet. 

Mptaift 

on  UK 

sqnaivM 

First  foot 

Percent. 

10.7 

9.7 

9.5 

8.3 

Percent. 
11.9 
11.7 
11.5 
11.4 

Percent. 
17.7 
13.2 
10.9 

Percent. 
16.5 
14.0 
15.1 

PeresA 
II 

Spcond  foot 

lir 

Third  foot 

X 

Fourth  foot 

11.1 

15.fi 

n 

Average 

9.5                ll.fi 

13.2 

15.4 

tt 

a  The  moisture  determinations  presented  in  Tables  X  and  XI  were  made  by  Mr.  John  C.  Thrsell.  thro^ 
the  courtesy  of  Prof.  E.  C.  Chiloott,  Agriculturist  in  Charge,  Dry-Land  Agriculture  Invest igatioos,  Bum 
of  Plant  Industry. 

As  in  the  case  of  the  1909  seedmgs  shown  in  Table  X,  the  quantitj 
of  moisture  varies  directly  with  the  thickness  of  the  stand,  the  ara 
with  the  thinnest  plant  covering  having  on  an  average  practicall] 
twice  the  amount  of  moisture  of  the  thickest  stand. 

The  thick  and  thin  stands  shown  in  the  first  and  second  colunm 
of  this  table  are  located  on  Area  IV,  as  shown  in  figure  1,  and  an 
adjacent.  The  Utah  strain  (S.  P.  I.  No.  12784)  was  seeded  in  1901 
and  winterkilled  badly  during  the  winter  of  1908-9,  so  that  only  aboui 
15  per  cent  of  a  stand  remains  on  this,  the  best  portion  of  the  plat 
The  commercial  sand  lucern  plat  was  seeded  in  the  spring  of  190( 
and  the  portion  on  which  the  moisture  determination  was  niaA 
has  an  estimated  stand  of  95  per  cent.  The  determinations  showi 
in  the  third  column  of  Table  XI  are  from  borings  made  between  dril 
rows  39  and  40  (commercial  Turkestan  and  Wheeler's  acclimatize< 
Turkestan),  aa  shown  in  Table  XIII;  those  in  column  4,  betweei 
rows  51  and  52  (Minnesota  and  North  Dakota  Grimm);  those  b 
column  5,  between  rows  58  and  59  (two  samples  of  commercial  sane 
lucern  from  Germany). 

It  is  evident  from  these  differences  in  tlie  amount  of  soil  moistun 
that  just  comparisons  in  regard  to  the  winterkilling  of  alfalfa  can  no' 
be  made  in  the  future  without  taking  the  differences  into  account.  If 
as  appears  likely,  a  higher  moisture  content  produced  a  severer  tesi 
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idition,  an  accurate  comparison  of  winterkilling  can  not  be  made 
,wGen  the  rows  in  question,  as  the  ones  with  a  thinner  stand  will 
v^e  been  subjected  to  more  trying  conditions  than  the  others.  The 
ult;  of  these  moisture  determinations  also  indicates  that  the  pro- 
^ssItb  thinning  of  a  stand,  which  goes  on  more  or  less  rapidly  accord- 
f  to  the  hardiness  of  the  strain  used,  is  in  itself  a  menace  to  the 
Dcess  of  any  field. 

Weather  Conditions  during  the  Winter  op  1908-9. 

On  November  25  and  26,  1908,  no  less  than  7  inches  of  snow  fell, 
it  a  severe  blizzard  on  November  30  blew  this  into  banks,  leaving 
e  alfalfa  nursery,  which  is  located  on  the  north  side  of  a  shelter  belt 

young,  deciduous  trees,  practically  bare  of  snow.  On  December  1 
xnlniinum  of  —10°  F.  was  recorded.  There  was  nothing  particu- 
rly  worthy  of  note  in  the  weather  of  December,  but  as  compared 
Lth  the  same  month  in  1906  very  little  snow  fell.  In  1906  the  total 
11  for  the  month  was  7.5  inches,  with  a  like  amount  on  the  ground  at 
le  end  of  the  month,  while  in  December,  1908,  the  total  fall  was  2.4 
iches,  with  only  2  inches  on  the  ground  at  the  end  of  the  month.  In 
le  alfalfa  nursery,  on  account  of  £he  lack  of  a  sufficiently  dense  plant 
)vering  to  hold  the  snow,  there  was  even  less  than  this.  This  resulted 
L  the  rows  and  hills  having  practically  no  snow  covering  to  protect  the 
Ian  is. 

Plate  II,  figure  1,  illustrates  more  effectively  than  can  be  described 
iie  great  importance  of  even  a  light  covering  of  snow.  The  small 
atch  of  red  clover  seen  in  the  middle  of  the  foreground  is  all  that 
Bmained  on  a  series  of  plats  immediately  adjacent  to  the  1907  field 
iats  of  alfalfa.  These  plants  have  lived  over  without  doubt  as  a 
Bsult  of  their  being  protected  by  2  or  3  inches  of  snow.  Extending 
long  the  right  edge  of  the  clover  is  the  rather  high  ridge  of  another 
eason's  back  furrow,  which  held  a  sufficient  crust  of  snow  to  prevent 
he  extermination  of  this  group  of  plants,  while  the  loss  on  the 
femainder  of  the  plats  was  100  per  cent.  A  similar  phenomenon 
explains  the  living  over  of  the  alfalfa  plants,  but  in  this  case  the 
jrowth  made  during  the  previous  autumn  which  was  not  removed 
Jerved  to  hold  the  snow.  This  point  will  be  more  fully  discussed 
ater. 

Table  XII  shows  the  complete  weather  record,  except  the  wind 
direction  and  the  character  of  the  day,  for  January,  1909,  at  Dickin- 
son. It  is  presented  here  to  make  possible  a  careful  comparison  of  tlie 
weather  of  this  month  with  that  of  January,  1907,  which  is  shown  in 
Table  III. 

185 


38 


COLD  RESISTANCE  OF  ALFALFA. 


Table  XII. — Daily  record  of  temperature  and  precipiUUion  for  the  month  of  Janwai 
1909,  at  Dickin9on,  N.  Dak.;  latitude,  46''  5</  N.;  longitude,  lOJ^  5(/  W.:  aU\i^ 
2,45Sfeet. 


Temperature. 

Precipitation. 

— 1 

1 

1 

1 

MONTHLY  fCUHXAST. 

!                                                                                      ( 

Tempermimr/.             , 

'                                                       1 
Mean  maxtmiun.  1&5*  F.         , 

1  Mean  minimum,  — 2.6*F. 

Mean,  7.85- F. 

Maximum,  44"  F.;  date,  27tL 

Minimum.  —31*  P.;  daie.«U^ 

Greatest  daily  ranice.  44'  F. 

Snow. 

Total  fall,  2.7  inches;  on  gfotoA 

15th,  —  inches;  at  eml  of  BMotii^ 

Date. 

Maxi- 
mum. 

•  F. 
23 
39 
31 
20 
-16 
-15 

-  8 
-13 
-15 
-13 

-  6 
6 

-  3 

-  6 
0 

41 
32 
41 
34 
41 
40 
34 
34 
34 
37 
36 
44 
37 
15 
12 
38 

Mini- 
mum. 

RanfTP- 

•  F. 
35 
37 
18 
37 

9 
16 
11 
12 
10 

8 
22 
26 
15 
14 
17 
44 
37 
20 
20 
13 
18 

3 
19 
16 
28 
17 
24 
U 
20 
27 
34 

Record 

at 
6  p.  m. 

•  F. 
14 

Snow- 
faU. 

Depth  of 
snow  on 
ground  at 
time  of  ob- 
servation. 

1 

•  F. 

-12 
2 
18 
-17 
-26 
-31 
-19 
-25 
-25 
-21 
-28 
-20 
-18 
-20 
-17 

-  3 

-  5 
21 
14 
28 
22 
31 
15 
18 

9 
19 
20 

3 

-  5 
-15 

4 

-82 
-2.6 

Ineket. 

2 

3 

19 
-16 
-20 
-17 
-16 
-20 
-19 
-18 
-14 

-  5 
-10 
-13 

-  1 
6 

28 
26 
30 
40 
31 
33 
25 
27 
29 
29 
38 
12 

-  5 
5 

26 

4 

0.2 
.1 

5 

6 

7 

.7 

8 

.1 
.2 
.2 

9 

10 

11 



12 

1 

13 

u::::::::::.... 

1 

15 

.7 

.6 

16 

17 

18  

flT. 

19 

20 

1 

21 

» 

22 

very  little,  and  that  in  spou 

23 

::::::!!. :::!::!!;::i 

24 

REMAKK.S, 

25 

26 

Chinook  on  the  16th. 

27 

1           ' 

1 

28 

:';:*:::'*::::! 

High  winds  on  the  4th,  5Ul  9sL 

29 

1 

30 

1 •..- 

14th,  15th,  16th,  17th,  and  IStii 

31 

of  the  month. 

Sum 

674 
18.5 

2.7 

1 

Mean . .   .... 

1 

t 

o  T.— trace. 


January,  1909,  was  the  coldest  month  of  a  winter  of  normal  tem- 
perature (13.8°  F.  for  December,  January,  and  Febnian-),  during 
which  all  strains  of  alfalfa,  including  the  very  hardiest,  winterkilled, 
from  a  few  per  cent  to  100  per  cent.  January,  1907,  on  the  other 
hand,  was  the  coldest  month  of  a  winter  of  extraordinary  severity, 
through  which  some  plants  of  all  strains,  including  the  very  tenderest, 
passed  uninjured. 

An  inspection  of  Table  XII  shows  that  for  a  period  of  two  weeks, 
extending  from  the  4th  to  the  17th  of  the  month,  the  minijnujtt 
temperature  fell  from  —3®  to  — 31®F.  daily,  while  during  one  week 
of  this  period  the  maximum  did  not  rise  above  —6®  F.  The  snow- 
fall for  the  month  was  light,  amounting  to  2.7  inches.  There  wei^ 
seven  or  eight  days  with  high  winds,  so  that  the  small  amount  of 
snow  that  fell  did  not  remain  in  place  except  where  there  was  some- 
thing adequate  in  the  way  of  a  plant  covering  to  hold  it.    As  a 
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lit  of  these  winds  the  alfalfas  had  practically  no  snow  to  protect 

XL. 

u  ch-inook,  a  clunatic  factor  that  is  sometimes  very  trying  to  per- 
ial  crops  and  winter  grains  in  this  section,  occurred  on  the  16th 
,lie  month.     On  this  date  the  mercury  rose  rapidly  from  —3°  to 

F.,  a  range  of  44  degrees  for  the  day. 

!lie  mean  temperature  for  January,  1909,  7.8°  F.,  was  almost  12 
;rees  higher  than  that  for  January,  1907,  —3.9°  F.,  and  a  trifle 
re  tlian  3  degrees  lower  than  the  normal  for  sixteen  years.  Hence, 
He  tliis  month  was  considerably  warmer  than  the  same  month  in 
V7y  it  was  nevertheless  colder  than  the  average,  and,  considering 
JBT  clunatic  conditions,  furnished  a  splendid  test  of  the  hardiness 
alfalfa.  The  mean  temperatures  of  February  and  March,  1909, 
re  higher  than  usual,  as  may  be  seen  by  an  inspection  of  Table  IV. 
:>m  February  7  to  15  the  minimum  temperatures  ranged  from 
J°  F.  on  the  7th  to  -26°  F.  on  the  14th.  Fortunately  for  the 
oits  a  snowfall  of  5  inches  occurred  between  these  dates.  No 
rere  livinds  to  blow  the  snow  into  drifts  were  noted. 
March  weather  was  much  less  trying  than  that  of  1907  and  1908. 

1907  the  range  for  this  month  was  from  -8°  to  69°  F.;  in  1908, 
)m  —  17°  to  54°  F. ;  while  in  1909  the  lowest  temperature  was  7?  F. 
A  the  highest  58°  F. 

EFFECT   OF   WINTER  OF    1908-9   ON    ALFALFA    VARIETIES. 

The  spring  awakening  in  those  strains  that  endured  the  winter  with 
ly  marked  degree  of  success  came  about  the  usual  time,  beginning 
ith  the  middle  of  April.  In  many  strains  whose  mortality  was 
igh  those  plants  that  survived  did  not  begin  growing  until  a  month 
»ter. 

In  order  to  make  possible  an  accurate  comparison  of  the  resistance 
)  cold  of  the  sixty-eight  strains  used  in  the  1908-9  experiments, 
able  XIII  is  presented. 
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The  thirty-four  varieties  named  in  the  first  half  of  this  taUa^ 
comprising  the  east  section  of  the  nursery,  are  shown  in  Plate  I, 
figure  2  (h*ontispiece),  just  back  of  the  middle-ground.  The  photo- 
graph was  taken  June  10,  1909.  Row  No.  1  is  designated  by  the 
white  stake  to  the  left  of  the  figure  1  in  the  plate,  and  extends  fron 
this  stake  to  the  one  next  to  the  figure  35.  The  latter  designatei 
the  row  of  this  number.  The  stake  labels  stand  at  the  head  of  thi 
rows,  or  east  end,  while  the  photograph  was  taken  from  the  foot  d 
the  rows  of  the  west  section,  which  comprises  the  varieties  shown  in 
the  second  part  of  Table  XIII.  The  stakes  scattered  about  in  both 
the  east  and  west  sections  indicate  plants  that  were  marked  in  the 
autumn  of  1908  for  work  in  selection  and  studies  in  correlatioiL 
The  stakes  appearing  beyond  the  row  from  1  to  34  are  in  anoth« 
section  of  the  nursery  started  in  1909,  which  is  not  a  part  of  the 
present  discussion. 

In  September,  1908,  the  number  of  living  plants  in  both  the  hill 
and  drill  rows  was  determined  by  actual  count.  This  count  was  mad« 
with  very  great  care,  and  no  row  was  left  until  the  person  counting 
was  certain  of  the  correctness  of  the  count.  On  June  15  another 
count  was  made  of  the  living  and  the  dead  plants  in  all  rows  and  this 
was  compared  with  the  count  of  the  previous  autumn.  In  this 
way  the  percentage  of  winterkilling  for  the  various  strains  was  secured, 
as  shown  in  Table  XIII. 

The  loss  of  the  sixty-eight  strains  may  be  summarized  as  foUoiirs: 

12  strains  killed  out,  100  per  cent. 
16  strains  killed  out,  90  to  99  per  cent. 
14  strains  killed  out,  80  to  90  per  cent. 

7  strains  killed  out,  70  to  80  per  cent. 

5  strains  killed  out,  60  to  70  per  cent. 

4  strains  killed  out,  50  to  60  per  cent. 

2  strains  killed  out,  40  to  50  per  cent. 

4  strains  killed  out,  30  to  40  per  cent. 

1  strain  killed  out,  20  to  30  per  cent. 

2  strains  killed  out,  5  to  10  per  cent. 
1  strain  killed  out,  1  to  5  per  cent. 

For  the  sake  of  convenience  the  winter  resistance  of  the  strains 
under  experiment  will  be  taken  up  on  the  basis  of  their  immediate 
geographical  origin,  as  shown  in  Table  IX,  although  this  may  lead  in 
some  cases  to  combining  in  one  group  several  things  that  differ 
materially,  both  physiologically  and  botanically. 
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BiTKR   RESISTANCE  OF  ALFALFAS  IN  DRILL  ROWS  AND  HILLS  IN  THE 

1908-9    EXPERIMENTS. 

Alfalfas  from  South  America. 

Pive  alfalfas  from  South  America  showed  an  average  mortality 
99.6  i>er  cent.  These  strains  were  known  to  be  nonhardy  but  were 
dueled  in  the  experiment  for  purposes  of  comparison.  The  Peru- 
in,  P.  L.  H.  No.  3260,  which  lost  100  per  cent,  was  grown  at  Yuma, 
iz.,  from  the  original  S.  P.  I.  No.  9303,  described  in  Bulletin  118 
this  Bureau.  By  reference  to  Table  I  it  will  be  seen  that  1  and 
3er  cent  of  No.  9303  endured  the  severe  winter  of  1906-7  at  Dickin- 
a.  This  same  strain  suffered  a  loss  of  only  12.8  per  cent  of  its 
Mid  at  Stockton,  Kans.,  during  the  winter  of  1908-9. 
The  strain  from  Ecuador  is  the  famous  Guaranda  alfalfa,  a  short 
count  of  which  also  occurs  in  the  bulletin  cited.  It  is  practically 
entical  with  the  Peruvian  and  was  completely  killed  out  at  Dickin-  * 
n,  N.  Dak.,  while  at  Stockton,  Kans.,  the  average  loss  of  two 
uaranda  samples  was  10.6  per  cent. 

The  Argentine  samples  resemble  the  foregoing  in  some  respects, 
it  on  the  whole  their  aflinities  are  more  strongly  toward  the  Chilean 
"pe  represented  by  our  own  Utah  and  California  sort. 

Alfalfas  from  Africa. 

Rows  18  and  20  (S.  P.  I.  Nos.  9322  and  12846,  respectively),  which 
illed  out  100  per  cent,  are  the  highly  prized  Oasis  alfalfa  of  the 
fthara.  The  tenderness  to  cold  of  the  Oasis  variety  will  confine  its 
Befulness  to  the  warmer  parts  of  the  Southwest,  where  it  is  of  promise 
ecause  of  the  fine  quality  of  its  hay.  It  winterkills  severely  as  far 
outh  as  Kansas,  as  may  be  seen  from  Plate  II,  figure  2,  which  is  more 
illy  described  later  in  discussing  the  strain  from  Arabia.  The 
hotograph  used  for  this  illustration  was  taken  on  the  farm  of  Mr. 
5.  Bartholomew,  near  Stockton,  Kans.  The  experiments  there,  as 
fell  as  those  at  Dickinson,  showed  that  merely  living  through  the 
rinter  is  not  a  sufficient  recommendation  for  the  use  of  a  certain 
train  of  seed.  The  variety  must  be  so  hardy  that  it  will  emerge 
rom  winter  fit  to  take  advantage  of  the  first  growing  temperatures 
)f  spring.  Nonhardy  individuals  of  Oasis  alfalfa  No.  12846,  the  row 
ihown  in  the  middle  of  the  picture,  severely  injured  by  the  mild 
irinter,  did  not  recover  sufficiently  to  begin  a  visible  growth  until  a 
nonth  later  than  the  more  resistant  individuals.  Of  this  strain 
51.5  per  cent  killed  out  at  Stockton  and  100  per  cent  at  Dickinson. 
^o,  9322  did  not  suffer  as  severely  in  comparison,  losing  35.2  per 
cent  at  Stockton,  while  at  the  northern  station  its  loss  was  also  100 
per  cent. 
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The  third  North  African  strain  (S.  P.  I.  No.  12803,  row  66)  is 
one  grown  in  rows  at  Setif,  Algeria,  and  referred  to  in  a  prece4 
footnote  (pp.  9-10)  of  this  paper.     Seventy-nine  per  cent  of  the  ph 
of  this  variety,  which  appears  very  similar  to  the  Poitou   alfalfa 
France,  winterkilled.     The  average  number  of  plants  winter! 
for  the  three  African  strains  at  Dickinson  was  93  per  cent. 

Alfalfas  from  Europe. 

There  were  included  in  the  experiment  15  samples  from  Europe! 
sources.     The  average  loss  of  plants  for  all  strains  was  87.9  per  cei 

Percent. 

2  Ruffiian  strains  lost  an  average  of 83.  9 

6  German  strains  lost  an  average  of 83. 1  | 

6  French  strains  lost  an  average  of 89. 6 

1  Italian  strain  lost 9&  7 

1  Spanish  strain  lost 1 00 

1  commercial  strain  lost 79.  5 

One  of  the  German  strains  (row  17,  P.  L.  H.  No.  3321,  which  occurs 
in  the  inventories  of  the  Office  of  Foreign  Seed  and  Plant  Introduc- 
tion under  Nos.  22467  *  and  24767  ^)  is  of  sufficient  interest  to  deserve 
a  preUminary  note  in  the  present  connection.  This  strain  is  known 
as  '*alt-deutsche  frankische  Luzerne,"  and  all  evidence  thus  far 
secured  points  to  its  being  the  progenitor  of  the  highly  esteemed 
Grimm  alfalfa,  which  is  mentioned  later  in  these  pages.  It  takes  its 
name  from  the  circles  of  Franconia  in  northern  Bavaria,  and  the 
present  sample  was  secured  only  a  few  miles  from  the  ancestral  home 
of  Wendelin  Grimm,  who  introduced  alfalfa  into  Minnesota  in  1857. 
It  is  interesting  to  note  that  this  strain  has  the  same  distinctive  habit 
of  growth  as  the  Grimm. 

The  appearance  of  a  majority  of  the  rows  of  European  alfalfa,  or 
lucem,  after  the  winter  of  1908-9  is  shown  in  Plate  III,  figure  1.  The 
old  German  variety  previously"  mentioned  is  row  17  and  can  be  seen 
best  in  Plate  I,  figure  2  (frontispiece).  It  forms  the  continuation  of 
the  right-hand  row  of  Grimm  alfalfa  near  the  center  of  the  picture. 
Row  46  (S.  P.  I.  No.  11275),  a  commercial  sample  purchased  in  the 
open  market,  appeared  from  its  botanical  characteristics  to  be  of 
European  origin.  The  seedsmen  who  furnished  it  state  that  it  was 
purchased  from  an  Italian  source.  This  number  suffered  to  the 
extent  of  79.5  per  cent.  It  resembles  strongly  S.  P.  I.  No.  12803  fn>m 
Setif,  Algeria  (row  66). 

o  See  "Seeds  and  Plants  Imported  during  the  Pericxl  from  January  1  to  M&rrh  31, 
1908,"  Bulletin  137,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  1909,  pp. 
56-57. 

ft  See  "Seeds  and  Plants  Imported  during  the  Period  from  January  1  to  March  1, 
1909,"  Bulletin  162,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  1909,  p.4l». 
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Alfalfas  from  Asiatic  Sources. 

ARABIA. 

rhe  discussion  of  the  strains  from  Asia  falls  naturally  into  three 
>u]>s.  Taking  up  first  the  Arabian  strains,  rows  6,  7,  8,  and  9, 
sir  loss  was  100  per  cent  for  each  of  the  four  numbers.     As  far  south 

Stockton,  Kans.,  these  sanie  numbers  killed  out  100  per  cent, 
Dugh  the  winter  there  was  an  extremely  mild  one.     The  condition 

these  rows  at  Stockton  on  June  1  is  shown  in  Plate  II,  figure  2. 
le  two  rows  in  the  middle  of  the  picture  showing  a  certain  percentage 

living  plants  are  African  strains,  the  one  having  the  better  stand 
ing  identical  vnth  Dickinson  row  20,  Kebilli  Oasis  alfalfa  (S.  P.  I. 
0.  12846),  while  the  other  is  from  Tripoli  (S.  P.  I.  No.  12847).     The* 
lirs  of  rows  on  either  side  are  the  Arabian  numbers. 

TURKESTAN. 

Among  the  twelve  strains  listed  as  from  Turkestan  three  were  pro- 
uced  in  the  United  States  from  Turkestan  seed  of  known  origin. 
.  P.  I.  No.  13999  (row  33)  was  grown  on  unirrigated  land  in  Utah 
1  1904  from  S.  P.  I.  No.  991  (see  row  28),  which  was  sown  in  1900; 
..  P.  I.  No.  19968  (row  37)  was  grown  in  Kansas  in  1906  from  S.  P.  I. 
lo.  1295,  from  Samarkand,  sown  in  1899.  S.  P.  I.  No.  20437  (row 
8)  was  produced  in  1906  by  the  same  field  as  No.  13999,  noted  above. 
?he  average  loss  in  stand  of  these  three  numbers  was  84.3  per  cent. 

Inasmuch  as  practically  all  of  the  Turkestan  seed  used  by  American 
armers  comes  from  a  great  range  of  unknown  conditions  of  soil  and 
climate  under  the  commercial  name  '^Turkestan,''  four  samples  pur- 
chased in  the  open  market  were  included  in  the  experiment.  These 
uimples  are  rows  35,  36,  39,  and  67.  The  average  winterkilling  of  the 
strains  was  fairly  low,  58.6  per  cent,  but  the  range  was  from  almost 
S6  per  cent  (row  39)  to  almost  93  per  cent  (row  35).  When  one  con- 
uders  that  Turkestan  has  an  area  almost  as  great  as  that  part  of  the 
United  States  lying  west  of  the  Mississippi  and  a  climate  that  ranges 
from  as  cold  as  Montana  to  as  hot  as  Arizona,  this  range  in  the  hardi- 
ness of  conunercial  samples  of  seed  is  not  surprising.  It  suggests 
also  the  danger  confronting  the  northern  grower  who  purchases  seed 
whose  onlv  recommendation  is  that  it  came  from  Turkestan. 

The  last  class  of  Turkestan  strains  includes  five  secured  from  known 
sources.  These  came  from  a  considerable  range  of  territory,  extend- 
ing; from  Askhabad,  in  the  southern  part  of  the  Transcaspian  district, 
Northeastward  through  Bokhara  and  Tashkend  and  northwest  to 
K&rabulak,  north  of  the  Aral  Sea.  It  is  a  matter  of  regret  that  no 
sample  from  Vemi,  w^hich  is  said  to  be  the  coldest  alfalfa-producing 
section  of  Turkestan,  was  included  in  this  experiment.     In  the  new 
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MEXICO. 

The  average  winterkilling  of  the  Mexican  rows  44  and  45  (S.  P. 
Nos.  11651  and  11652)  was  85  per  cent.  The  original  source  of  tb 
strains  is  unknown,  but  their  immediate  geographical  oiigin 
have  led  one  to  expect  a  higher  percentage  of  loss.  Rows  44  and 
are  shown  in  Plate  IV,  figure  1,  next  to  the  Canadian  numbea 
In  habit  of  growth,  leafage,  etc.,  they  resembled  considerably  soin 
of  the  Turkestan  strains.  j 

UNITED  STATES. 

Among  the  strains  attributed  to  this  country  two  classes  must 
recognized:  (1)  Those  that  are  without  doubt  ordinary  Americi^ 
alfalfas  of  the  Chilean  type,  of  which  there  are  eighteen  numbers,  aoJ 
(2)  those  that  are  clearly  the  progeny  of  introductions  from  the  (M 
World.  Of  the  latter  there  are  only  four  (rows  40,  51,  52,  and  54}^ 
but  among  them  are  the  alfalfas  of  the  greatest  present  importamiiei 
to  agriculture  in  the  cold  parts  of  the  United  States. 

Ordinary  American  Alfalfa. — Ordinary  American  alfalfa,  whichj 
came  to  the  United  States  from  Chile,  has  often  proved  not  sufficiently^ 
hardy  for  our  severe  northern  climate.  The  average  winterkilling  ot| 
the  eighteen  strains  included  under  this  head  was  83.3  per  cent,^| 
The  greatest  mortality  is  found  in  three  of  the  Utah  dry-land  strains, 
as  follows: 

Percent. 

Row  19,  S.  P.  I.  No.  12409,  Diamond  Fork,  Utah 96. 6 

Row  22,  S.  P.  I.  No.  21867,  Nephi,  Utah 96.2 

Row  65,  S.  P.  I.  No.  22559,  Gunnison,  Utah 94. 3 

Average 95. 4 

The  hardiest  strain  of  ordinary  American  alfalfa  was  a  Montana 
strain  (row  41,  S.  P.  I.  No.  12747).  This  seed  was  produced  in  the 
Yellowstone  Valley  near  Billings,  where  it  had  been  grown  for  s 
number  of  years.     This  sample  suffered  to  the  extent  of  43.7  per  cent. 

Next  to  the  above  in  hardiness  was  the  sample  from  Clearwater  in 
north-central  Nebraska,  row  50,  S.  P.  I.  No.  12820.  This  number 
suffered  to  the  extent  of  66.7  per  cent.  These  and  several  other 
American  strains  are  shown  in  Plate  IV,  figure  1  (rows  41,  47,  48, 
49,  and  50). 

Only  two  other  strains  of  this  class  showed  a  d^ree  of  hardine^ 
that  entitles  them  to  mention.  These  strains  and  the  proportion  of 
the  plants  winterkilled  are  as  follows: 

Per  cent. 

Row  49,  S.  P.  I.  No.  12816,  Chinook,  Mont 70.9 

Row  53,  S.  P.  I.  No.  21945,  Sextorp,  Nebr 75.7 

The  latter  is  a  highly  esteemed  dry-land  form  grown  by  Mr.  Lews 
Brott  on  the  high  plains  of  western  Nebraska.    Unlike  the  Utah  diy- 
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ad  strains  this  one  is  grown  in  a  section  that  is  subject  to  decidedly 

w  temperatures  at  times,  with  little  or  no  snow  covering  to  protect 

ant  growth.    The  normal  autunm  rainfall  in  this  section  is  very 

rht. 

The  question  whether  American  alfalfa  of  the  ordinary  sort  has 

idergone  any  change  in  hardiness  since  its  introduction,  about 

155,  has  been  discussed  recently  by  alfalfa  breeders  and  growers. 

0  experimental  evidence  bearing  on  the  point  has  been  published 
»retofore.  Hence,  the  results  obtained  in  the  present  experiment 
hile  by  no  means  conclusive  are  of  more  than  ordinary  interest. 
The  eighteen  strains  of  ordinary  American  alfalfa  showed  a  great 
ifference  in  hardiness,  as  winterkilling  under  the  uniform  condi- 
Dns  of  the  experiment  ranged  from  about  44  per  cent  (row  41)  to 
most  97  per  cent  (row  19).  The  mere  presence  of  so  high  a  degree 
[  diversity  with  reference  to  one  physiological  character  is  extremely 
iggestive. 

Botanically,  alfalfa  or  lucem  (Medica>go  satwa)  is  an  exceedingly 
rverse  species  composed  of  numerous  strains,'  varieties,  or  possibly 
ibspecies.  Even  the  most  imiform  of  our  cultivated  sorts,  such  as 
le  Peruvian  and  Arabian,  comprise  numerous  strains  that  are 
isily  recognizable  on  inspection.    Ordinary  alfalfa,  of  course,  shares 

1  the  diversity  conunon  to  the  species  as  a  whole.  That  some  of 
liese  component  lines  or  individuals  are  more  susceptible  to  cold 
ban  others  seems  axiomatic.  Resistance  to  cold  would  then  depend 
ligely  at  least  on  the  severity  of  the  climate  to  which  a  strain  has 
leen  subjected;  that  is,  to  the  amount  of  '' weeding  out"  of  unfit 
bes  and  individuals  that  has  taken  place. 

The  selective  value  of  the  Montana  climate  with  reference  to 
tardiness  is  imquestionably  greater  than  that  of  Utah  or  most  of 
Nebraska;  in  fact,  it  does  not  seem  unfair  to  suppose  that  that  of 
lorthem  Nebraska  is  superior  to  that  of  Kansas. 

Different  winters  have  different  selective  or  acclimatizational 
ralues  with  reference  to  various  test  factors.  Very  severe  winters 
nth  heavy  snows  that  remain  in  place  have  small  selective  effect; 
idld  winters  with  even  a  moderate  snowfall,  such  as  that  of  1907-8 
kt  Dickinson,  have  practically  no  effect  on  strains  having  only  the 
mstomary  degree  of  hardiness.  Tender  sorts,  like  the  Arabian, 
Peruvian,  Tunisian,  and  Tripolitan,  are  susceptible  of  selection  with 
)yen  comparatively  mild  winters,  such  as  that  of  1908-9  at  Stock- 
ton, Kans. 
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The  following  statement  shows  by  States  the  average  wmteridfl 
of  common  alfalfa  in  the  row  and  hill  experiments  at  Dickinsonr  ' 

strains.  PercBrt. 

Utah olO       90.4 

Colorado 1       86.1 

Kansas 1       84.8 

Nebraska 3       7«l4 

Montana 3       65.4 

The  number  of  strains  from  the  different  States  is  too  smaQ 
use  as  a  basis  for  generalization,  but  it  is  hoped  that  the  data  ht 
given  will  lead  other  investigators  to  make  a  careful  record  of  les^ 
of  similar  experiments. 

Peogeny  of  Old  World  Introductions. — It  is  among  li 
progeny  of  alfalfas  introduced  from  the  Old  World  that  we  find  i 
highest  degree  of  hardiness,  a  degree  of  hardiness  that  in  at  ki 
one  case  might  almost  be  called  wonderful. 

Each  of  the  f otir  numbers  included  in  this  class  emerged  from  i 
winter  of  1908-9  with  a  notably  high  percentage  of  living  plan 
Their  combined  average  loss  is  13.6  per  cent,  while  the  percentaf 
of  loss  for  the  individual  strains  were  as  follows: 

Table  XIV. — Results  of  experiments  showing  the  percentage  of  wintertiUed  a^k 

plants  of  four  strains  introduced  from  the  Old  World. 


Row 
No. 

Accession  No. 

Source. 

tnat 

wiai 

kflB 

52 

P.  L.  H.8236.. 
S.  P.  I.  21938.. 
P.  L.  H.3252.. 

P.  L.  H.  3251.. 

Fargo,  N.  Dak.  (Qrimm)  (originally  from  Baden,  Gemiaay) 

Pam 

51 
40 

54 

Clearwater,  Minn.  (Orimm)  (originally  from  Baden,  Qennaoy) 

Htghmore,  8.  Dak.  (origiDaUy  from  Tashkend,  Turkestan)  (STDak.  No. 

240). 
Brookings,  S.  Dak.  (8.  Dak.  No.  167.    Original  souioe  not  known,  bat 

probably  from  Europe). 

Average 

1 
S 

'     1 

Grimm  alfalfa.*' — Grimm  alfalfa,  which  is  named  after  Wendef 
Grimm,  the  German  immigrant  by  whom  it  was  introduced,  is  tl 
hardiest  form  of  the  cultivated  plant  known  at  the  present  time.  I 
progenitor  was  brought  to  Minnesota  in  1857  from  Kulsheim,  betv« 
Wertheim  and  Tauberbischofsheim,  in  the  valley  of  the  Tauber  < 
Baden,  Germany. 

a  This  includes  row  18,  common  alfalfa  which  endured  the  mild  winter  of  1^' 
in  North  Dakota. 

b  A  short  accoimt  of  the  history  and  probable  method  of  development  of  G^ 
alfalfa  by  the  senior  writer  of  this  bulletin  has  been  published,  entitled  "The  Acd 
matization  of  an  Alfalfa  Variety  in  Minnesota/'  Science,  n.  s.,  vol.  28,  Deceffib^ 
1908,  pp.  891-892. 
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The  drainage  basin  of  this  little  stream,  which  empties  into  the 
jkixL  at  Wertheim,  known  as  the  Taubergrund,  is  at  the  present  time 
B  chief  seat  of  the  production  of  seed  of  '' alt-deutsche  frankische 
izeme"  (row  17),  already  mentioned  in  these  pages.  This  strain  of 
:alf  &  is  highly  prized  in  Germany  and  appears  to  have  been  under 
Itivation  in  the  old  Franconian  circles  of  Baden,  Wurttembei^,  and 
ivaria  for  several  hundred  years. 
The  two  Grimm  sti-ains  mcluded  in  the  present  experiment  proved 

be  the  hardiest  of  the  sixty-eight  under  observation.  The  hardier 
le,  P.  L.  H.  No.  3235  (row  52),  was  produced  in  1904  on  a  plat  about 
years  old  on  the  farm  of  the  North  Dakota  experiment  station. 
lis  seed  was  presented  to  the  Department  of  Agriculture  in  October, 
K)4,  by  Prof.  J.  H.  Shepperd,  vice-director  and  agriculturist.  This 
rain  lost  less  than  3  per  cent  of  the  plants  in  hill  and  drill  rows  com- 
oed.  Only  one  plant  of  twenty-five  in  the  hills,  which  are  2  J  feet 
>aTt  in  the  row  with  the  rows  themselves  3  feet  apart,  succumbed 
jring  the  winter.  In  the  50-foot  drill  row  only  one  plant  out  of 
►rty-seven  was  killed. 

Second  in  hardiness  was  a  Minnesota-grown  strain  of  Grimm  alfalfa, 
.  P.  I.  No.  21938  (row  51).  This  seed  was  secured  from  Mr.  A.  B. 
yman,  of  Excelsior,  Minn.  It  was  produced  near  Clearwater, 
teams  County,  from  Carver  County  seed.  In  the  hill  row  one  plant 
L  twenty-five  winterkilled,  in  the  drill  row  four  out  of  forty-six,  the 
verage  loss  for  both  being  7  per  cent. 

As  an  indication  of  the  vigor  that  the  Grimm  alfalfa  had  after 
assing  through  the  winter  of  1908-9,  which  was  so  destructive  to 
rdinary  alfalfas,  mention  may  be  made  of  the  yield  of  seed  from  a 
enth-acre  plat  of  Grinmi  grown  just  adjacent  to  the  experiment 
nder  consideration.  This  plat  was  sown  in  the  spring  of  1908  in 
ows  3  feet  apart  and  kept  cultivated.  The  plants  were  quite  thick  in 
he  row.  A  clipping  was  made  of  this  plat  in  1909  early  in  the  season, 
irhen  it  had  attained  a  growth  of  about  8  inches.  It  was  not  cut 
.gain  until  September  28,  when  a  cutting  was  made  for  seed.  The 
»lat  jrielded  33.6  pounds  of  clean  seed,  which  is  at  the  rate  of  336 
K)unds,  or  5.6  bushels,  per  acre.  This  is  certainly  an  admirable 
ihowing. 

If,  as  appears  Ukely,  the  old  German  Franconian  lucem  (row  17)  is 
;he  progenitor  of  the  Grimm,  we  have  here  a  further  suggestion  as  to 
ihe  possibilities  of  habituating  alfalfa  to  a  new  or  foreign  climate. 
rhe  loss  of  the  former  was  over  75  per  cent,  the  average  for  two 
strains  of  Grimm  less  than  5  per  cent. 

Acdimatized  Turkestan  alfalfa. — Plant  Life  History  No.  3252,  row 
40  (S.  Dak.  No.  240),  was  produced  at  Highmore,  S.  Dak.,  by  Prof. 
W.  A.  Wheeler,  from  Prof.  N.  E.  Hansen's  original  introduction  of 
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Turkestan  alfalfa  from  Tashkend  (see  row  28),  S.  P.  I.  No.  991.  I 
Bulletin  101  ^  of  the  South  Dakota  Agricultural  Experiment  StatidI 
Professor  Wheeler  has  given  a  short  account  of  this  strain,  a  parti 
which  is  as  follows: 

No.  240.  Seed  was  obtained  from  the  United  States  Department  of  A^culture  uuk 
S.  P.  I.  No.  991.  This  was  collected  (obtained)  by  Prof.  N.  E.  Hansen  at  Ta^ikcfll 
Turkestan,  in  1898.  1 1  has  been  grown  in  plots  at  Highmore  since  1899  and  appami| 
has  not  killed  out.  This  is  a  severe  test  of  its  resistance  to  both  cold  and  droogjM 
A  small  plot  has  been  cut  for  seed  in  both  1905  and  1906  and  some  seed  hie  bei( 
obtained.  So  far,  it  does  not  appear  to  be  nearly  as  good  a  seed  producer  as  any  J 
Nos.  162,b  164,c  or  167,<2  but  it  can  not  be  compared  with  these  until  it  has  pm 
through  as  many  generations  from  seed  in  this  State  as  have  the  other  three  numbd 
cited.  This  alfidfo  is  thought  to  be  of  the  same  introduction  as  No.  164.  If  duil 
correct  it  will  probably  become  a  better  seed  producer  after  it  has  been  grown  M 
several  seed-producing  generations  in  this  State.  The  quality  of  this  number  is  aIkaJ 
the  same  as  No.  164.  This  ranks  as  one  of  the  four  best  alfalfas  which  have  been  tnd 
at  Highmore. 

Numbers  162,  164,  167,  and  240  are  hardy  and  are  possessed  of  high  forage  qnalitM^ 
80  that  they  can  be  recommended  for  the  conditions  under  which  they  have  b«i 
tried.  Numbers  162  and  167  start  earlier  in  the  spring  and  produce  a  aUoDgerui 
more  vigorous  first  crop  than  numbers  164  and  240.  With  the  second  crop  this  difftfi 
ence  is  not  so  noticeable.  These  four  numbers  have  been  tested  from  eight  to  tea 
years  in  this  State  and  with  the  exception  of  number  240  have  gone  through  seyaii 
generations  from  seed.  The  fact  that  they  have  reproduced  from  seed  through  seTorf 
generations  seems  to  have  more  to  do  with  acclimating  alfal&i  than  has  the  mere  M 
that  they  have  grown  so  many  years  under  these  conditions  from  a  single  seediif. 
This  is  where  No.  164  leads  over  No.  240.    *    *    * 

For  the  present  the  work  will  be  restricted  entirely  to  selected  stocks  from  Nos.  ItS. 
164,  and  167.  Work  with  No.  240  progresses  more  slowly  because  of  its  poorer  oeed 
production. 

An  examination  of  the  published  station  records  shows  that 
although  No.  240  has  been  grown  at  Highmore  since  1899,  even 
approximately  accurate  data  concerning  its  behavior  have  beeu 
taken  only  since  1903. 

The  seed  used  in  the  Dickinson  experiments  was  produced  in  1905, 
the  seventh  year  from  seeding.  This  acclimatized  Turkestan  strain 
ranked  third  in  hardiness  among  the  sixty-eight  strains  tested,  and 
appears  to  show  that  the  parent  strain  had  become  profoundly  changed 
in  cold  endurance  by  the  seven  winters  spent  in  South  Dakota.  TIA 
change  probably  resulted  from  the  successive  eUminations  of  the 
unfit  lines  of  descent. 

a  Wheeler,  W.  A.,  and  Balz,  Sylvester.  Forage  Plants  at  the  Highmore  SubstatioB* 
1906.    Bulletin  101,  South  Dakota  Agricultural  Experiment  Station.    March,  I9ff!- 

&  This  number  is  the  Grimm  alfalfa  of  Minnesota,  grown  for  several  years  at  Brook- 
ings and  Highmore. 

c  No.  164  is  supposed  to  be  the  progeny  of  the  same  number  (S.  P.  I.  No.  991)  setlM 
present  sample,  P.  L.  H.  No.  3252.  No.  164  was  produced  from  No.  991  sown  at  Brook* 
ings  in  1898,  while  No.  240  was  produced  from  No.  991  sown  at  Highmore  in  1899. 

d  No.  167  is  the  parent  of  P.  L.  H.  No.  3261  (row  54  at  Dickinson). 
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This  strain  of  Turkestan  alfalfa  which  underwent  seven  years  nat- 
ral  selection  in  South  Dakota  presents  an  opportunity  for  several 
aportant  comparisons.  These  are  not  presented  as  final  in  any 
)nse,  but  rather  to  stimulate  further  investigation. 

Row  28  was  seeded  with  a  small  quantity  of  seed  remaining  from 
16  original  lot  of  S.  P.  I.  No.  96l,  the  first  importation  from  Turkes- 
in.  Row  40  is  the  South  Dakota  progeny  of  No.  991.  Rows  33 
ad  38  are  the  Utah  progeny  of  the  same  number.  Both  were  bar- 
ested  from  the  same  field  which  was  seeded  down  in  1900.  Row  33 
ras  harvested  in  1904,  row  38  in  1906. 

Table  XV  shows  the  comparative  winter  resistance  at  Dickinson 
f  No.  991  and  its  Utah  and  South  Dakota  progeny. 

'able  XV. — Comparison  of  Turkestan  alfalfa^  S.  P.  I.  No.  991,  with  certain  strains 
grown  from  it,  showing  the  percentage  of  plants  winterkilled. 


low 

No. 


28 
40 
38 
» 


Aoceaston  No. 


S.  P.  I.  9»1... 
P.  L.  U.3252. 
8.  P.  1.20437. 
0.  1.1.  UUvv. 


Souioe. 


Turkestan  (Imported  1896) 

HIghmore,  S.  Dak.  (1899-1006) 
Wellflyllle,  Utah  (1900-1906). . 
Wellsvllle,  Utah  (1000-1904) . . 


Propor- 
tion of 
plants 
wlnter- 
kUled. 


PercitU. 

90.6 

0.2 

89.6 

08.7 


The  distance  between  row  28,  the  original  stock,  and  row  33,  the 
1904  progeny,  is  only  15  feet,  while  that  between  rows  38  and  40  is 
>iily  6  feet.  All  conditions  were  uniform  so  far  as  known,  and  still 
this  great  diversity  appears.  The  greater  age  of  the  original  seed 
night  be  responsible  for  some  of  the  difference  in  hardiness  between 
lihis  and  the  South  Dakota-grown  strain.  But  here  we  are  confronted 
irith  the  fact  that  the  1 904  progeny  from  Utah — comparatively  fresh 
leed — suffered  even  more  than  the  foundation  stock,  while  the  1906 
srop  suffered  an  almost  equal  loss.  It  is  not  possible  in  the  limits  of 
the  present  paper  to  discuss,  nor  is  there  sufficient  data  to  warrant 
liscussing,  the  numerous  biologic  factors  that  may  be  concerned  in 
Ihese  diversities. 
The  differences  in  loss  in  the  1904  and  1906  Utah  strains  suggest 
it  the  two  additional  winters  endured  by  the  latter  may  have  had 
kter  selective  value  than  those  from  1900  to  1904.  It  appears 
>in  the  records  that  this  was  the  case.  The  lowest  temperature  that 
Jurred  during  these  years  at  Logan,  Utah,  the  nearest  point  to  Wells- 
having  a  temperature  record,  was  -  17°  F.  on  February  14, 1903; 
tt  on  the  1 1th  and  12th  of  the  month  more  than  2  inches  of  snow  had 
len,  and  the  observer  makes  the  comment  that  ''fields  were  gener- 
*y  well  covered  with  snow  throughout  the  month,  and  it  is  therefore 
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not  probable  that  any  damage  was  done  to  fall  grain  by  low  tempcf 
atures.'* 

The  minimum  temperature  during  the  winters  of  1904-5  and  1905-< 
was  — 15°  F.,  which  occurred  in  both  winters.  The  minimum  of  th 
former  fell  on  February  12.  Between  January  1  and  February  1^ 
almost  2^  inches  of  rain  had  fallen.  This  no  doubt  resulted  in  a  sata 
rated  condition  of  the  soil  that  led  to  considerable  injury  to  the  plauli 
when  15°  F.  below  zero  weather  occurred  on  the  i2th.  Januaiy  hii 
been  a  warm,  balmy  month  that  tended  to  stimulate  new  growth  i^ 
the  plants. 

The  minimum  temperature  of  the  winter  of  1905-6  (—15^  F 
on  January  8.  Two  inches  of  snow  had  fallen  during  the  last 
of  December.     This  probably  gave  enough  protection  from  the  cdd] 

The  seeding  capacity  of  this  strain,  P.  L.  H.  No.  3252,  is  not  sate^ 
factory  according  to  Professor  Wheeler;  however,  it  is  scarcely  moif 
than  axiomatic  to  state  that  the  seed  production  may  be  improved 
by  the  selection  of  those  lines  within  the  strain  that  produce  seed 
better  than  the  average  of  the  strain.     If  we  assume  that  the  various 
lines  within  the  strain  remain  constant  from  generation  to  generation, 
then  we  are  not  modifying  the  alfalfa  in  any  other  way  when  wff, 
improve  its  seed  production.     We  are  merely  isolating  those  lines  or 
high  seed  production.     The  strain  is  merely  in  the  process  of  puri- 
fication.    On  the  other  hand,  it  is  not  at  all  unlikely  that  mutationS) 
of  greater  or  less  moment,  are  more  or  less  constantly  taking  place  ^ 
within  the  strain.     In  such  a  case  it  would  be  quite  proper  to  speak  of 
the  alfalfa  as  being  modified,  though  such  modifications  would  be 
almost  purely  spontaneous.     In  other  words,  we  have  not  progressed 
enough  in  the  science  of  breeding  to  be  able  to  bring  about  desired 
mutations  at  will.     The  function  of  open  pollination  in  alfalfa  breed- 
ing is  something  about  which  we  have  almost  no  exact  knowledge. 

One  difficulty  in  interpreting  the  results  from  the  different  sowings 
from  No.  991  is  that  we  are  not  well  enough  posted  as  to  the  previous 
history  of  the  imported  seed.  The  following  statement  concerning  it 
is  found  in  Inventory  No.  1  of  the  Section  of  Seed  and  Plant  Intro- 
duction: 

001. a    Medicaoo  satiya.  Alfrit^ 

From  Tashkend.    Received  through  Prof.  N.  E.  Hansen,  June  4,  1898.    (300 
bushels.) 

Variety  'Uvrkestanica.^*  This  subspecies  of  alfalfo  was  obtained  from  eight  different 
sources  varying  widely  in  climatic  conditions.  It  endures  droughts  which  kQl 
European  alfalfa.    Deemed  very  promising  for  trial  in  droughty  r^ona.    See  No.  468. 


o  Foreign  Seeds  and  Plants  Imported  by  the  Section  of  Seed  and  Plant  Introductioo. 
Inventory  No.  1,  1898,  p.  81. 
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).4s    Medicaoo  sativa.  Alfalfa. 

From  Turkeetan  Agricultural  Society ,  Turkeetan.    Received  through  Prof.  N.  E. 
Hansen,  March,  1898. 

fative  alMfii.    Endures  drought  better  than  European  alfalfa. 

Rows  28|  38,  and  33  run  reasonably  close  together  in  hardiness. 
LO  deviation  is  perhaps  no  greater  than  would  be  expected  from 
7  run  of  coimnercial  seed.  Whether  the  seed  from  the  eight 
iginal  sources  was  mixed  or  not,  a  reasonable  hypothesis  would  be 
at  some  of  the  hardier  seed  was  planted  in  South  Dakota.  Even 
is  seed  was  probably  a  mixture  representing  more  or  less  hardy 
rains.  By  the  result  of  natural  selection  the  hardiest  lines  or 
rains  were  brought  to  the  seeding  stage  in  South  Dakota  and  then 
uisf erred  to  Dickinson.  It  is  an  interesting  fact  that  No.  991  was 
idently  imported  more  for  its  drought  resistance  than  for  any 
itentiaJ  hardiness. 

South  Dakota  No.  167, — ^Although  the  source  from  which  the  strain 
'  seed^  South  Dakota  No.  167,  originally  came  is  unknown,  it  is 
>yious  from  its  botanical  characteristics  that  it  is  of  European 
igin.^  The  name  Baltic  was  first  appUed  to  it  in  1906  by  Prof. 
r.  A.  Wheeler,  formerly  botanist  to  the  South  Dakota  Agricultural 
allege  and  Experiment  Station,  from  the  fact  that  it  had  been 
rown  for  about  ten  years  near  the  Uttle  village  of  Baltic  in  Minne- 
aha  County,  S.  Dak.,  and  not  as  has  been  supposed  in  the  Baltic  Sea 
sgion  of  Europe. 

The  appearance  of  this  strain,  which  is  P.  L.  H.  No.  3251,  in  the 
pring  of  1909  is  shown  in  Plate  III,  figure  I,  row  54.  Although 
bwing  a  promising  degree  of  hardiness,  at  Dickinson  this  strain 
ras  the  tenderest  of  the  four  hardy  American  races  derived  from  the 
Xd  World  introductions.  In  the  drill  rows,  where  it  is  possible  that 
he  thicker  stand  by  binding  more  snow  may  have  been  afforded 
lightly  more  protection,  the  loss  was  34  per  cent,  while  in  the  hill 

•Op.  cit.,  p.  42. 

^  Mr.  J.  M.  Westgate,  of  the  Office  of  Forage-Crop  Investigations,  first  directed  atten- 
ion  to  the  probable  European  origin  of  this  alfalfa.  Mr.  Weetgate  noted  the  very  inter- 
litiog  ^t  that  several  European  alfalfas  show  greater  diversity  in  flower  color  than 
fe  our  ordinary  American  or  the  Turkestan  types.  In  the  Dickinson  experiments 
^  diversity  is  about  equal  in  the  Grimm  samples  (rows  51  and  52),  South  Dakota 
Ro.  167,  the  so-called  Baltic  alfalfa  (row  54);  ''alt-deutsche  fr&nkische  Luzerne" 
(vow  17);  commercial  or  false  sand  lucem,  No.  20896  (row  60);  and  first-quality  com- 
•tocial  alfalfa,  probably  from  Italy,  No.  11275  (row  46).  It  occurs  to  a  less  degree  in 
Kmbiisk  alfalfa,  No.  13867  (row  27);  in  Poitou  alfalfa.  No.  12695  (row  24);  Italian 
•Malfa,  No.  22416  (row  61);  and  Algerian  alfalfa,  No.  12803,  from  Setif  (row  66).  At 
Stockton,  Kans.,  a  very  similar  degree  of  diversity  in  color  was  found  in  Italian 
*I^^,  Nos.  12696  and  13481.  A  much  greater  variegation  in  color  was  found  to 
exist  in  commercial  sand  lucem,  Nos.  21187,  21217,  21269,  and  22418  (rows  57,  58,  59, 
ttd  63),  though  the  last  number  showed  less  diversity  than  the  other  three. 
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rows,  where  the  plants  were  subjected  to  the  severest  test,  tlie  kri 
was  36  per  cent.     It  may  be  of  interest  to  state  that  the  entire 
killed  out  2.3  per  cent  more  than  did  the  plants  in  the  drill  tows^ 

Climatic  conditions  at  Highmore^S.Dak.  (altitude  1,860  feet), 
the  seed  generation  used  in  the  present  experiments  was  produced 
are  no  doubt  less  severe  than  at  Dickinson  (altitude  2,453  feel] 
which  is  located  about  300  miles  farther  northwest  on  the  Great  Plaim 
Professor  Wheeler  found  the  Baltic  alfalfa  very  promising  at  botJ 
Highmore  and  Brookings  and  published  his  observations  in  Bullets 
101  of  the  South  Dakota  station,  already  cited.  His  notes 
sufficient  interest  to  be  quoted  in  full,  as  follows: 


No.  167.  The  original  source  from  which  the  seed  of  this  number  was  introdac«d 
this  country  is  unknown.  Mr.  W.  F.  Eelly,  of  Renner,  S.  Dak.,  purchased  the 
about  ten  yean  ago  from  a  seed  dealer  at  Hartford,  S.  Dak.  He  and  Mr.  £.  0.  Ei 
of  the  same  place  have  grown  it  for  about  ten  years  and  consid^  it  better  than. 
alfalfas  tried  in  their  vicinity.  Mr.  Kelly  furnished  several  pounds  of  seed  to  tbi 
Agricultural  College  in  1905.  A  two  years'  trial  of  the  variety  is  rather  short  upcm 
which  to  draw  conclusions.  In  all  our  tests,  however,  both  at  Highmore  and  Bror*k- 
ingB,  this  number  has  shown  itself  equal  to  any  in  quality,  hardinesB,  and  seed  pro- 
duction. It  has  not  been  sown  in  the  selection  rows  and  so  has  not  been  pat  tt» 
quite  so  severe  a  test  of  hardiness  as  No.  162  (Grimm  alfal&t),  and  as  there  is  no 
of  it8  having  been  tested  under  northern  conditions  in  the  past,  as  has  No.  162,  it 
not  be  compared  in  hardiness  to  the  latter  number.  In  seed  production  it  is  eqiol 
if  not  superior  to  No.  162.  In  quality  and  the  vigor  of  early  spring  growth  it  appeals 
to  be  equal. 

The  test  in  the  nursery  rows  at  Dickinson  was  probably  more  severe 
than  any  this  strain  had  previously  endured.  Hence,  although  not 
the  equal  of  a  few  other  strains  it  is  decidedly  valuable.  It  ranked 
fifth  among  the  sixty-eight  strains  at  Dickinson.  Of  the  new  intro- 
ductions only  one,  Mongolian  No.  21232,  excelled  it  in  winter  resKt- 
ance.     It  ranked  high  as  a  seed  producer  at  Dickinson  in  1909. 

GOXPABISON   OF    COKBITIONS   IN   FIEU)   PLATS   AKD    IK   &OW8 

AND  HTTJiS. 

The  hill  and  row  experiment  just  discussed  represents  the  severest 
possible  test  of  the  winter  resistance  of  alfalfa  for  the  weather  con- 
ditions that  prevailed  while  the  work  was  in  progress.  Fortunately, 
the  two  small  series  of  field  plats  already  discussed,  which  are  on  a 
rather  pronounced  southern  slope  above  the  alfalfa  nursery,  offer  in 
comparison  what  might  be  termed  decidedly  more  favorable  condi- 
tions than  alfalfa  is  likely  to  be  grown  under  in  most  years  in  this 
region.  Except  for  January  the  winter  of  1908-9  was  no  more  severe 
than  may  be  expected  any  year. 

One  set  of  the  field  plats  containing  four  different  strains  was 
seeded  in  the  spring  of  1907.  These  plats  should  have  been  cut  in 
ordinary  farm  practice  twice  during  their  second  year,  as  it  would 
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iot  pay  to  leave  such  a  heavy  stand  of  alfalfa  on  the  field  at  the 
dvent  of  winter.  They  were  cut  only  once  (on  July  20)  and  the 
econd  growth  was  left  on  the  ground  to  furnish  winter  protection. 
Precipitation  to  the  amount  of  0.65  inch  occurred  during  three 
loudy  days  preceding  the  cutting  and  a  copious  rain  fell  a  few  days 
Iter  the  cutting.  As  a  result,  recovery  was  rapid  and  growth  con- 
inued  until  well  into  the  autumn.  Indeed,  the  growth  of  over  two 
aonths  and  a  half  remained  on  the  ground. 

The  favorable  conditions  under  which  these  plats  entered  the 
idnter  could  scarcely  be  duplicated;  they  were  in  their  second  year, 
lad  enjoyed  ample  moisture  for  continued  growth  through  the  season, 
lad  been  cut  only  once,  and  that  in  midseason,  leaving  a  good  stand 
;o  bind  the  snow.  In  spite  of  this  the  four  varieties  lost  from  15  to 
K)  per  cent  of  their  stands,  the  loss  varying  greatly  as  we  have  seen 
>n  different  parts  of  the  plats.  On  June  10,  1909,  a  Turkestan  strain 
^m  Tashkend,  S.  P.  I.  No.  14786,  stood  best  of  the  four,  followed 
dosely  by  S.  P.  I.  No.  13867  from  Simbirsk,  Russia.  The  loss  in 
these  strains  based  on  careful  estimates  was  15  and  18  per  cent, 
respectively.  An  irrigated  strain  from  Utah  (S.  P.  I.  No.  12784)  and 
one  from  Colorado  (S.  P.  I.  No.  12398)  lost  about  80  and  90  per  cent, 
respectively.  A  slight  portion  of  the  loss  in  these  two  cases  occurred 
in  the  mild  winter  of  1907-8,  but  most  of  it  was  due  to  the  winter  of 
1908-9.  The  snow  protection  during  the  former  was  such  that  only 
the  really  tender  kinds  suffered  even  slightly.  The  other  two  strains, 
which  were  known  to  have  a  certain  amount  of  hardiness,  maintained 
full  stands  through  the  winter  of  1907-8. 

The  nine  other  field  plats  were  sown  in  May,  1908.  This  was  an 
unusually  favorable  year  for  getting  a  stand  of  alfalfa.  The  nursery 
rows  as  well  as  the  field  plats  shared  in  the  beneficial  conditions  that 
prevailed,  the  latter  in  a  higher  degree  than  the  former,  as  in  dry  or 
even  ordinary  years  fields  sown  by  the  usual  methods  suffer  consider- 
able hindrance  in  growth  because  of  a  lack  of  moisture.  This  results 
in  the  autumn  in  an  insufficient  covering  of  vegetation  to  hold  the 
snow  that  is  necessary  to  furnish  a  winter  protection  to  the  plants. 

April,  1908,  had  a  little  more  than  the  normal  rainfall.  May,  the 
month  in  which  seeding  was  done,  had  a  precipitation  of  3.50  inches. 
This  is  more  than  an  inch  above  normal  and  insured  rapid  germination 
and  a  good  stand  of  young  plants.  June  rainfall  amounted  to  4.30 
inches,  about  H  inches  above  normal.  This  enabled  the  plants  to 
become  firmly  established  and  to  make  a  fine  growth  throughout 
July,  when  f  inch  less  than  the  normal  amount  of  rain  fell. 

These  plats  were  clipped  a  few  days  after  a  heavy  rain  that  fell 
July  24  and  about  ten  days  earlier  than  the  experimental  rows  in  the 
nursery.     They  began  a  prompt  recovery  which  was  no  doubt  gradu- 
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ally  retarded  by  a  hot  dry  spell  that  lasted  until  August  12.  Urn 
hill  and  drill  rows,  which  together  contained  an  average  of  aboul^ 
seventy-five  plants  of  each  variety,  were  cut  on  August  5  in  tii4j 
midst  of  this  dry  time.  As  no  rain  fell  until  August  12  they  were  at 
some  disadvantage  in  making  a  recovery.  The  field  plats,  on  thft| 
other  hand,  had  already  begun  growth  and  were  forced  to  haidea; 
their  tissues  to  a  considerable  extent.  The  presence  of  this  hardened 
tissue  was  a  factor  of  undoubted  value  in  wintering  over. 

During  the  second  half  of  August  the  rainfall  was  ample;  the  short- 
age for  the  whole  month  amounting  to  less  than  i  inch  as  compared, 
with  the  16-year  normal.  September's  rainfall  (1.67  in.)  exceeded 
the  normal  more  than  i  inch,  while  October's  precipitation  (2.47  in.) 
was  over  1^  inches  more  than  this  month  usually  receives.  TIlb 
rainfall  of  these  two  months  had  opposite  effects  on  the  row  and  field 
experiments,  affecting  the  former  unfavorably  and  the  latter  favor- 
ably. This  seems  paradoxical,  but  really  is  not.  In  the  first  place 
because  of  their  sidehill  location  and  hard  uncultivated  topsoil,  as 
compared  with  the  rows,  the  run-off  was  greater  from  the  field  plats 
than  from  the  nursery. 

The  moist  autumn  benefited  the  field  plats  by  enabling  them  to 
make  a  late  growth  through  the  autumn.  This  increased  their  snow- 
holding  capacity.  At  the  same  time  on  account  of  the  run-off  and 
the  far  greater  transpiration  from  a  thick  stand,  the  dangers  attendant 
upon  an  excess  of  moisture  in  the  soil  during  the  winter  were  avoided. 

In  the  nursery  rows  the  opposite  was  true.  There  was  a  sufficient 
growth  of  plants  in  height,  but  the  stand  was  too  thin  to  hold  much 
snow.  The  bare  ground,  the  distance  between  the  plants,  and  the 
cultivation  resulted  in  a  dangerous  saturation  of  the  soil.  In  tfie 
final  analysis  it  was  found  that  the  presence  of  excess  moisture  in  the 
soil  and  the  absence  of  snow  covering  killed  the  plants  in  the  rows, 
and  the  presence  of  snow  covering  and  the  absence  of  excess  moisture 
enabled  the  plants  in  the  field  plats  to  live.  It  was  dry  enough  in  the 
plats  to  cause  the  formation  of  hard  tissue  without  intercepting 
growth  and  wet  enough  in  the  rows  to  cause  a  sappy  growth  to  con- 
tinue until  hard  frosts  stopped  growth  altogether. 

The  season  and  treatment  were  such  that  when  winter  came  the 
plants  in  the  field  plats  had  made  ample  growth  to  hold  the  snow. 
Thickness  of  stand  combined  with  height  increased  the  snow-binding 
capacity.  The  thick  stand,  conducive  to  a  greater  transpiration, 
and  the  topography  of  the  field,  which  promoted  the  run-off,  pre- 
vented an  excess  of  moisture  in  the  soil  when  co}d  weather  came. 
The  opposite  was  true  in  the  case  of  the  rows.  Furthermore,  the 
field  plats  have  a  warmer,  more  protected  situation,  due  to  a  southern 
slope  and  the  location  below  the  brow  of  a  ridge.    The  tows  are 
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SL'ted  near  the  base  of  this  ridge  in  such  a  way  that  they  are  rather 
^re  exposed  to  the  prevailing  winter  winds  which  come  from  the 
rt^liwest. 

XTie  row  test  is  the  severest  to  which  alfalfa  can  be  put  in  the  area 
dch  Dickinson  typifies,  but  as  this  general  region,  which  includes 
"ge  parts  of  North  Dakota,  South  Dakota,  and  Montana,  has  a 
rmal  rainfall  of  less  than  18  inches,  row  cultivation  of  alfalfa  may 
ove  to  be  the  best  farm  practice.  If  this  proves  to  be  the  case,  the 
falf a  suitable  for  this  area  must  be  able  to  bear  this  rigorous  test 
ceessfuUy. 

The  rainfall  for  September  and  October,  1908  (4.14  inches),  while 
lusual  for  Dickinson  and  all  of  the  region  west  of  the  one  hundredth 
eridian  in  the  States  just  named,  is  normal  in  Minnesota,  Wis- 
»nsm,  and  Michigan,  and  not  infrequently  occurs  in  eastern  North 
id  South  Dakota  and,  as  was  the  case  in  1898  and  1908,  in  the 
estem  part  of  the  Dakotas.  The  alfalfa  for  this  region  must  be 
lured  to  this  amount  of  autumn  moisture  followed  by  low  tempera- 
ires  with  or  without  snow. 

The  winterkilling  of  varieties  on  the  1907  and  1908  field  plats  has 
Iready  been  discussed.  It  was  found  that  there  was  a  great  diver- 
ity  in  loss  on  the  thick  and  thin  parts  of  the  same  plat.  Where 
lie  stand  was  thin  or  inoculation  poor,  greater  loss  occurred.  Ten 
f  the  varieties  on  the  field  plats  were  duplicated  in  the  rows.  In  no 
ase  was  the  loss  as  great  in  the  former  as  in  the  latter,  but  the  com- 
parative behavior  in  both  cases  was  similar;  that  is  to  say,  when 
anged  m  series  on  the  basis  of  winterkilling,  the  duplicate  strains 
K^cupy  a  very  similar  relative  position.  The  six  strains  that  were 
ihown  to  be  the  hardiest  on  the  field  plats  rank  in  the  following  order: 
lion  tana  Grimm,  S.  P.  I.  No.  21827;  Nebraska  Grimm,  S.  P.  I.  No. 
81735;  Turkestan,  S.  P.  I.  No.  20988;  commercial  sand  lucem, 
J.  P.  I.  No.  21217;  Turkestan,  S.  P.  I.  No.  14786;  Canadian,  S.  P.  I. 
No.  21247. 

In  the  rows  where  the  test  was  severer,  the  ranking  was  as  follows: 
North  Dakota  Grimm  (row  52);  Minnesota  Grimm  (row  51);  Turke- 
stan, S.  P.  I.  No.  20988;  Canadian,  S.  P.  I.  No.  21247;  commercial 
Band  lucem,  S.  P.  I.  No.  21217;  Turkestan,  S.  P.  I.  No.  14786.  Only 
the  Canadian  strain  in  the  field  plats  fails  to  show  the  same  relative 
strength.  This  is  probably  due  to  the  unsubdued  condition  of  the 
soil  on  this  plat,  which  was  new  breaking,  as  well  as  to  the  original 
thinness  of  the  stand,  and  not  to  any  greater  inherent  weakness  in 
the  strain.  Among  the  four  weakest  strains,  in  which  the  loss  in 
the  rows  ranges  from  about  80  per  cent  up,  the  Agreement  is  not  so 
close. 
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From  this  it  is  apparent  that  we  are  dealing  not  so  much  with  ^ 
difference  in  the  hardiness  of  the  varieties  under  comparison,  b^ 
merely  with  differences  in  the  amount  of  loss  under  tests  of  YaiTioi 
severity.  Some  of  the  factors  that  contributed  to  the  greater  loa 
in  the  nursery  rows  as  compared  with  the  thickly  seeded  plats  ma] 
be  summarized  as  follows: 

(1)  The  1907  field  plats  were  cut  between  two  rains,  two  weeh 
earlier  than  the  rows;  the  1908  plats  were  cut  about  ten  days  earlio 
than  the  rows  and  a  few  days  after  a  good  rain;  the  rows  were  col 
August  5  in  the  midst  of  a  hot  dry  spell  that  lasted  over  two  weeb^ 
the  most  protracted  of  an  otherwise  unusually  favorable  season  im 
growing  alfalfa. 

(2)  The  field  plats  had  a  thick  growth  which  by  transpiradoi 
aided  in  exhausting  excess  moisture  from  the  soil  before  winter  came 
and  later,  together  with  weeds,  furnished  lodgment  for  a  protectiTi 
covering  of  snow  that  acted  like  a  blanket  in  shielding  the  planti 
from  cold. 

(3)  The  field  plats  have  a  warmer,  more  protected  situation,  dm 
to  their  location  on  a  pronounced  southern  slope  and  below  the  broi 
of  a  ridge.  The  rows  are  located  near  the  base  of  this  ridge  in  suchi 
way  that  they  are  more  exposed  to  the  prevailing  winter  winds  whid 
come  from  the  northwest.  This  slope,  by  promoting  the  run-off, 
further  aided  in  preventing  the  saturated  condition  of  the  soil,  whidi 
undoubtedly  acted  disastrously  on  the  nursery  rows. 

FTJItTHEB  OBSERVATIONS  ON  THE  EFFECT  OF  ATTTXTMN  MOISTUBX. 

In  the  preceding  pages  much  emphasis  has  been  placed  on  the 
injurious  influence  of  autumn  moisture  on  the  wintering  over  ol 
alfalfa.  In  order  to  determine  whether  similar  losses  have  occurred 
in  other  experiments  the  alfalfa  work  of  the  North  Dakota,  South 
Dakota,  and  Minnesota  stations  has  been  studied  especially.  Tb« 
winter  of  1898-99  was  one  noted  for  its  extremely  low  temperatures 
in  the  Great  Plains  region.  At  Brookings,  S.  Dak.,  the  experiment 
station  had  a  plat  of  the  original  importation  of  Turkestan  alfalfa, 
S.  P.  I.  No.  991,  that  lived  through  the  winter  successfully.  Inas* 
much  as  this  same  stock  of  seed  suffered  quite  severely  in  the  present 
row  experiments  at  Dickinson  the  records  were  investigated  to  learn 
what  caused  the  difference. 

So  far  as  temperature  was  concerned  conditions  were  certainly 
more  trying  in  the  winter  of  1898-99  than  during  the  winter  of  1908-9. 
According  to  Prof.  E.  C.  Chilcott's  records,  during  December,  1898, 
there  were  at  Brookings  thirteen  days  with  temperatures  below  zero, 
the  range  being  from  —  2°  to  —  22°  F.  There  was  no  snow  during  the 
month.     January  had  fourteen  days  with  minima  below  zero,  the 
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solute  minimum  temperature  for  the  month  being  —  27^  F.,  which 
curred  on  the  30th.  The  total  snowfall  for  this  month  was  1.4 
shes,  which  would  have  made  a  very  light  covering  in  any  case, 
it  because  of  winds  was  not  very  evenly  distributed.  A  period  of 
w  temperatures  began  on  January  26  and  extended  until  February 
;,  culminating  on  February  9  in  —  41  °  F.  On  the  1 1th  the  mercury 
;ain  fell  to  —38®  F.  Only  2.1  inches  of  snow  fell  during  February; 
^nce,  the  plat  of  Turkestan  alfalfa  had  only  such  snow  protection 

-was  held  by  its  own  plant  covering.  Between  February  5  and  12 
\e  highest  minimum  temperature  experienced  was  —25°  F.,  while 
le  highest  of  the  maxima  was  5®  F.  The  spring  weather  was  in  all 
spects  favorable,  there  being  no  alternate  thawing  and  freezing 
orthy  of  mention. 

The  severe  temperatures  endured  by  S.  P.  I.  No.  991  at  Brookings  in 
ebruary,  1899,  as  compared  with  the  same  strain  at  Dickinson  in 
muary,  1909,  makes  it  evident  that  there  must  have  been  some 
ther  difference  in  weather  than  temperature  between  the  two  win- 
jrs  to  explain  the  extensive  killing  in  one  case  and  the  living  over  in 
le  other.  An  investigation  of  the  precipitation  record  at  Brookings 
lows  that  during  September,  1898,  1.31  inches  of  rain  fell  between 
lie  1st  and  the  15th;  that  only  a  Uttle  over  1  inch  fell  in  October,  all 
efore  the  15th,  with  snowfall  on  the  18th.  It  seems  evident  from 
his  that  the  difference  in  autumn  moisture  and  the  consequent 
ikturation  of  the  soil  was  probably  the  determining  factor  at  Brook- 
Dgs  in  the  wintering  over  of  No.  991.  That  autumn  moisture  inter- 
eres  with  plants  becoming  dormant  agrees  in  a  way  with  orchard 
nietices  in  other  sections,  especially  in  irrigated  areas.  Orchardists 
lesiring  to  harden  their  trees  and  force  them  into  dormancy  stop 
rrigating  to  produce  the  desired  effect. 

The  experiences  of  the  North  Dakota  Agricultural  Experiment 
Nation  at  Fargo  tend  to  bear  out  this  hypothesis.  In  1901  a  plat  of 
Turkestan  alfalfa  was  seeded  on  the  station  farm.  This  endured  suc- 
Mssfully  the  winter  of  1901-2,  but,  according  to  Professor  Shepperd, 
'failed  to  pass  the  winter  of  1902-3  successfully,  having  been  badly 
nnterkilled.  It  was  given  the  most  trying  conditions  by  having  all 
rf  its  stem  growth  mowed  close  to  the  ground  just  before  cold  weather 
began  in  the  fall.  A  second  plat  of  Turkestan  seeded  in  the  spring  of 
1902  which  was  left  with  a  growth  of  stems  a  few  inches  high  killed 
but  little  during  the  same  winter. "  The  record  of  rainfall  at  Fargo 
during  the  autumn  of  1902  shows  that  over  5  inches  of  rain  fell  in 
October.  This  probably  accounts  largely  for  the  greater  amount  of 
winterkilling  in  the  plat  from  which  no  moisture  was  removed  through 
trauspiration  than  in  the  one  left  with  some  growth.  Furthermore, 
the  latter  had  the  advantage  of  a  plant  covering  to  hold  the  snow. 

186 


62  COLD  BE8ISTANCE  OF  ALFALFA. 

Still  other  observations  have  been  made  which  leave  little  doubt  im 
the  matter  of  winterkilling  due  to  an  excess  of  autumn  moistiireu5 
Prof.  W.  A.  Wheeler  in  a  paper  presented  before  the  Dry  Faimi^B 
Congress,  at  Billings,  Mont.,  in  October,  1909,  called  attention  to 
fact  that  the  winter  of  1905-6  resulted  very  disastrously  to  the 
row  experiments  at  the  South  Dakota  substation  at  Highmone. 
Professor  Wheeler  commented  especially  on  a  northern-grown  s 
of  common  alfalfa  which  was  almost  whoUy  killed  out.  Only  t 
Grimm  alfalfa,  acclimatized  Turkestan  alfalfa,  and  South  Dakota  Ncn 
167 — the  so-called  Baltic  alfalfa — endured  this  winter  successfu]lv,8iidl 
there  was  some  killing  in  the  two  last  named  of  these  strains.  Hfeei 
precipitation  record  for  Highmore  shows  that  almost  2  inches  of  noi 
fell  in  October,  1908,  while  the  precipitation  for  November  amounted 
to  1 .29  inches.  The  alfalfas  under  experiment  that  suffered  the  woisft 
were  grown  in  rows,  as  at  Dickinson;  hence,  the  disastrous  effect  rf 
this  amount  of  rainfall  was  no  doubt  much  greater  than  in  tbidk 
stands. 

This  same  winter  (1905-6)  is  the  only  one  in  recent  years  which  hie 
injured  seriously  the  stands  of  Grimm  alfalfa  in  Carver  County,  Miifc- 
nesota.  Farmers  have  generally  believed  that  the  killing  which  took 
place  that  winter  was  due  to  the  alternate  thawing  and  freezing  dur- 
ing February.  A  careful  study  of  Minnesota  winters  for  a  period  of 
years  shows  that  many  have  had  more  severe  conditions  in  the. 
respect,  hence  it  did  not  seem  hkely  that  this  condition  furnished 
a  sufficient  explanation.  Again,  the  precipitation  records  were  coit- 
sulted  and  it  was  found  that  the  September  rainfall  amounted  ta 
4.15  inches,  the  October  rainfall  to  2.49  inches,  while  the  precipita- 
tion for  November  which  was  practically  all  rain  was  almost  2| 
inches.  It  was  noted  that  the  killing  was  especially  bad  in  the 
"draws,"  or  depressions,  which  furnished  drainage  to  the  fields. 
Even  where  these  "draws"  or  natural  drainage  ditches  were  on  side- 
hills,  as  shown  in  Plate  IV,  figure  2,  where  water  could  not  remain 
standing,  the  killing  was  severe.  From  this  it  seems  that  the  condi- 
tion was  not  one  of  an  ice  covering,  but  of  saturation. 

These  examples  have  been  selected  to  give  further  emphasis  to  the 
importance  of  autumn  moisture.  It  has  frequently  been  the  case  in 
irrigated  sections  that  late  irrigation  has  caused  the  killing  out  of 
alfalfa  fields.  However,  it  has  generally  been  believed  that  the  killing 
occurred  only  because  the  winters  were  open.  The  results  at  Brook- 
ings after  the  winter  of  1898-99  indicate  that  open  winters  preceded  by 

o  A  brief  but  interesting  discuasion  of  the  winterkilling  of  alfalfa  under  irrigation  bafl 
been  published  recently  by  Prof.  Samuel  Fortier.    See  Farmers'  Bulletin  373,  U.  S. 
Dept.  of  Agriculture,  entitled  "Irrigation  of  Al&lfa,"  1909,  pp.  41-42. 
185 


DIVEBSITT  IK  ALFALFA.  6d 

Iry  autunmS;  even  when  the  temperatures  are  very  severe,  are  not  to 
le  compared  m  injuriousness  to  winters  preceded  by  moist  autumns. 
In  the  Milk  River  Valley  of  Montana  ordinary  alfalfa  maintains  its 
tands  from  eight  to  fifteen  years,  despite  the  fact  that  temperatures 
onsiderably  lower  than  —  40®  F.  occur  rather  frequently.  Progressive 
hinning  of  the  stand  of  course  makes  it  necessary  to  reseed  sooner  or 
ater.  This  is  a  region  of  scant  autumn  rainfall,  which  probably 
M^counts  for  the  success  obtained  in  growing  ordinary  alfalfa.  This 
lame  strain  in  Minnesota,  North  and  South  Dakota,  Wisconsin,  and 
aany  other  Northern  States  succumbs  in  from  two  to  five  years,  some- 
aines  even  sooner,  though  the  temperatures  generally  are  not  nearly  so 
ow  as  those  of  northern  Montana.  All  of  these  facts  seem  to  indicate 
^at  moisture  in  the  soil  is  one  of  the  most  important  factors  in  deter- 
nining  whether  or  not  alfalfa  will  winter  over  successfully. 

DIVBBSITY  IN  ALFALFA. 

Alfalfa  appears  to  be  quite  as  diverse  physiologically  as  it  is  botan- 
ically,  and  in  the  majority  of  cases  botanical  or  morphological  lines 
of  descent  seem  to  have  no  correlation  with  the  physiological.  That 
this  should  be  the  case  is  not  surprising  in  a  crop  where  the  greatest 
freedom  of  interbreeding  promoted  by  special  adaptations  for  making 
insect  visits  effective  is  the  rule.  As  a  result  of  this  condition  strains 
that  have  by  natural  selection  been  rendered  uniform  with  reference 
to  physiological  characters,  such  as  cold  resistance  or  drought  resist- 
ance, may  contain  still  the  whole  range  of  botanical  diversity,  so  far 
as  this  is  expressed  in  the  external  appearance  of  the  plants. 

Strains  of  Grimm  alfalfa,  for  instance,  contain  lines  of  great  mor- 
phological diversity.  Some  are  prostrate,  some  upright;  some  leaf 
profusely,  others  very  sparingly;  some  incline  to  coarse  woody  stems, 
others  to  fine  tender  ones;  some  have  small  leaves,  others  large;  some 
show  only  one  of  a  number  of  flower  colors,  others  are  variegated,  and 
80  on  through  the  whole  range  of  possible  differences.  In  the  experi- 
ments thus  far  conducted  none  of  these  diverse  elements  have  shown 
any  observable  differences  in  cold  resistance.  This  suggests  the  pos- 
sibility that  the  hardiness  may  be  due  to  some  histological  character 
common  to  all  the  lines  of  descent. 

Investigations  of  the  physiology  and  histology  of  cold  resistance 
have  not  yet  produced  much  definite  information,  but  it  does  not 
appear  necessary  to  assume  any  one  character  as  the  basis  of  hardi- 
ness. Some  lines  may  live  through  severe  test  conditions  from  one 
cause  and  some  from  another;  in  some  it  may  be  due  to  the  faculty 
of  becoming  dormant  at  the  proper  time,  in  others  to  the  habit  of 
growing  from  deep-seated  crowns,  in  still  others  to  the  power  of 
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reestablishing  a  root  system  quickly  when  heaving  or  freezing  hij 
broken  ofT  the  root.  ' 

As  our  knowledge  of  individual  alfalfa  plants  becomes  more  inti^ 
mate,  some  true  correlations  between  the  morphological  and  physio- 
logical characters  may  be  found.  At  present  we  have  few  data  aloi^ 
this  line. 

The  belief  has  grown  up  recently  that  diversity  or  variegation  ii 
flower  color  is  correlated  with  hardiness,  and  that  drought  resistanffl 
and  cold  resistance  are  also  correlated.  The  evidence  of  the  present 
investigations  has  been  negative  on  both  of  these  points.  On  thd 
field  plats  the  Kansas  strain  No.  19508,  which  undoubtedly  came  frcHi 
Europe  originally,  has  practically  the  same  range  of  flower  color  as  the 
Grimm  strains.  While  one  of  the  latter  suffered  no  winterkilling  inrf 
the  other  but  little,  the  Kansas  strain  kitte'd  so  badly  that  only  abodt 
20  per  cent  of  a  stand  remained.  The  Grimm  strains,  as  we  hare 
already  seen,  differed  from  one  another  in  hardiness,  though  not  in 
diversity  of  flower  color.  The  two  strains  of  conmiercial  sand  lucern 
S.  P.  I.  Nos.  21217  and  21269  are  far  more  variegated  in  color  than  anr 
Grimm  plants,  still  they  proved  less  hardy  on  both  the  field  plats  and 
in  the  rows  and  also  in  experiments  elsewhere  in  the  Northwest.  Thev 
themselves  showed  considerable  difference  in  hardiness.  On  the  otW 
hand,  strains  like  Wheeler*s  acclimatized  Turkestan  (S.  Dak.  No.  240), 
which  has  no  variegation,  proved  hardier  than  any  variety  except  the 
Grimm.  This  indicates  that  in  the  strains  mentioned,  at  least,  the 
factors  producing  cold  endurance  are  independent  of  variegation  or 
the  factors  producing  it. 

Similarly,  it  has  been  believed  that  drought  resistance  is  correlated 
with  hardiness.  Some  of  the  best  drought-resistant  varieties,  however, 
proved  in  the  row  experiments  to  be  the  very  weakest  strains  from  a 
cold-resistance  standpoint.  The  only  dry-land  form  that  showed  anr 
cold  resistance  worthy  of  comment  came  from  Sextorp,  Nebr.,  where 
in  addition  to  a  lack  of  sufficient  rainfall  low  temperatures  are  often 
experienced. 

Ordinary  American  alfalfa,  which  probably  traces  its  history  back 
to  a  single  lot  of  seed  taken  from  Spain  to  South  America  several  cen- 
turies ago,  also  showed  a  range  of  more  than  50  per  cent  in  hardiness. 

METHODS  BY  WHICH  ALFAUAS  BECOME  HABDT. 

A  study  of  the  whole  group  of  alfalfas  reveals  the  fact  that  the 
total  range  in  variation  in  hardiness  is  much  greater  than  in  our  com- 
mon American  strains.  The  best  strain  in  the  Dickinson  experi- 
ment, a  Grimm,  lost  less  than  3  per  cent,  while  twelve  kinds  killed  out 
100  per  cent.  Among  the  latter  were  four  Arabian  stocks  that  winter- 
killed completely  in  row  and  liili  tests  as  far  south  as  Stockton,  Kans., 
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Bre  the  winter  of  1908-9  was  milder  than  normal.  This  variation 
lardiness  of  the  different  stocks  is  correlated  positively  with  an  in- 
inite  minimum  temperature  or  complex  of  climatic  conditions  of 
\  country  in  which  they  have  long  been  grown.  In  other  words, 
i  tenderest  of  the  alfalfas  come  from  the  warmest  regions  and  the 
•dier  ones  come  from  the  colder  regions. 

The  first  method  of  securing  a  hardy  alfalfa  is  illustrated  in  the  case 
Grimm  alfalfa,  South  Dakota  Nos.  240  (originally  from  Turkestan) 
i  167,  and  by  those  strains  of  ordinary  American  alfalfa  that  show 
►re  than  average  hardiness. 

The  evidence  is  good  and  fairly  conclusive  that  the  alfalfa  which 
mdelin  Grimm  brought  over  from  Germany  in  1857  was  neither 
tter  nor  worse  than  the  average  central  European  alfalfa.  It  also 
itained  many  lines,  some  of  which  were  hardier  than  others.  Mr. 
imm  did  not  start  a  nursery  and  propagate  one  plant  that  showed 
elf  superior  to  the  others.  He  sowed  the  whole  lot  of  seed  and 
rvested  what  he  could.  This  was  done  repeatedly  and  as  the  years 
Bsed  by  nature  weeded  out  the  tender  lines,  while  the  hardier  ones 
rsisted. 

This  process  no  doubt  gradually  brought  about  a  profound  change 
the  stock  as  a  whole.  It  is,  however,  not  necessary  to  suppose 
at  the  lines  which  have  persisted  in  the  Grinmi  alfalfa  are  any  dif- 
rent  than  they  were  in  the  original  seed  brought  over  fifty  years 
jo.  They  are  simply  more  abundantly  represented  in  the  popula- 
m  making  up  the  strain.  On  the  other  hand,  it  may  be  that  the 
rimin  stocks  used  in  our  experiments  do  possess  lines  hardier  than 
ly  contained  in  the  foundation  stock.  These  could  have  arisen 
adily  by  mutation,  a  recombination  of  characters,**  or  otherwise 
ace  the  date  of  the  introduction  of  the  strain.  This  assumption  is 
)t  necessary,  as  all  the  central  European  alfalfas  that  underwent  the 
verest  test  of  the  row  and  hill  experiment  possessed  some  hardy 
les  which  could  be  made  the  basis  of  further  propagation. 
Another  method  may  be  used,  but  the  ultimate  principles  involved 
» the  same.  As  already  pointed  out,  any  stock  of  alfalfa  seed,  even 
hen  grown  in  a  restricted  area  for  a  long  time,  is  made  up  of  a  num- 
ftr  of  lines  or  families  wliich  vary  both  morphologically  and  physio- 
fically  and  which  breed  more  or  less  true.  In  our  study  of  hardiness 
le  majority  of  strains  or  regional  varieties  possessed  some  plants 
'hich  lived  through  the  northwestern  winter.  The  plants  that  lived 
lirough  were  representatives  of  the  hardier  lines.     Now  evidentlv  a 


*  Methods  by  which  recombinations  produce  a  change  in  cross-fertilized  plants  are 
isctiased  by  Prof.  W.  J.  Spillman.  See  *' Application  of  Some  of  the  Principles  of 
feredity  to  Plant  Breeding,"  Bulletin  165,  Bureau  of  Plant  Industry,  U.  S.  Dept. 
f  Agriculture,  1909,  pp.  36-43. 
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simple  method  of  securing  cold  endurance  is  to  select  any  represent! 
tive  hardy  plant  and  increase  it.  By  this  method  of  breeding  we  a 
led  to  the  establishment  of  a  pure  or  nearly  pure  strain. 

The  Minnesota  Agricultural  Experiment  Station  and  Prof.  W.  i 
Wlieeler,  of  South  Dakota,  have  followed  this  method,  ba^ng  the 
pure  strains  largely  on  selected  Grimm  plants.  During  the  pii 
season  Professor  Wlieeler  produced  as  much  as  200  pounds  of  s« 
that  traces  its  ancestry  to  a  single  plant.  This  method  is  also  bek 
followed  by  Mr.  A.  C.  Dillman,  of  the  Office  of  Alkali  and  DroufJ 
Resistant  Plant  Breeding  Investigations,  m  his  work  at  Belk 
fourche,  S.  Dak. 

In  this  method  the  singling  out  of  the  representative  plant  is  ik 
important  thing.  It  naturally  presupposes  some  antecedent  metha 
of  getting  rid  of  the  w^eaklings  and  hence  applies  not  so  much  to  tl 
establishment  of  a  hardy  race  as  to  the  isolation  of  a  pure  or  unifca 
race  from  a  mixture  of  predetermined  hardiness.  The  advantage 
and  disadvantages  of  this  method  are  little  known.  Observatioi 
on  other  crops  indicate  that  there  is  considerable  danger  in  a  Ui 
narrow  restriction  of  lines  of  descent." 

The  length  of  time  required  to  produce  from  a  mixed  stock  by  ui 
conscious  mass  selection  ^  an  approximately^  pure  rac«,  so  far  as  col 
resistance  is  concerned,  is  uncertain.  It  will  evidently  depen 
almost  wholly  on  two  factors,  namely,  the  abundance  of  hardy  ii 
dividuals  in  the  original  stock  and  the  frequency  with  which  W 
winters  occur. 

South  Dakota  No.  240  (see  pp.  51-56)  is  an  example  of  the  estd 
lishment  of  a  very  hardy  and  nearly  pure  strain  from  a  mixed  stna 
having  a  lesser  degree  of  hardiness.  The  new  hardy  strain  was  devd 
oped  immediately,  without  the  necessity  of  intercrossmg  or  lonj 
continued  selection.  The  experience  with  this  strain  and  obser^'atid 
on  others  indicate  that  the  time  required  need  not  be  long.  Tli 
original  seeding  in  the  case  of  No.  240  was  made  in  1899;  the  see 
used  in  the  experiment  was  harvested  in  1906.  A  study  of  the  recori 
for  Highmore,  S.  Dak.,  and  neighboring  points  shows  that  test  weAth* 
conditions  prevailed  several  times  during  the  interim.*' 


a  Our  knowledge  of  the  amount  of  cross-pollination  that  takes  place  when  ala 
plants  are  left  exposed  is  very  deficient.  If  we  wish  to  select  a  line  and  propagate! 
pure,  the  prevention  of  cross-pollination  is  necessary.  If  the  plant  selected  is  aa  J 
cross  with  regard  to  any  character,  then  it  is  obvious  that  the  selection  and  self-pol 
lination  of  several  individual  plants  may  be  necessary  in  the  next  generation  bew' 
really  pure  strain  is  obtained. 

6  Cook,  0.  F.    The  Superiority  of  Line  Breeding  over  Narrow  Breeding.    Bullett 
146,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  1909,  pp.  28-29. 

cThe  following  minimum  temperatures  at  Highmore,  S.  Dak.,  indicate  the  nato" 
of  the  test  that  alfalfa  endures  in  this  locality:  1904,  — 27*»  F.;  1905,  —36**  F.;  191!^ 
—31°  F.;  1907,  —27°  F. 
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The  seed  production  of  No,  240  has  been  uniformly  poor.  Most 
tocks  of  Turkestan  alfalfa  share  in  this  weakness.  In  some  years 
he  plats  appear  not  to  have  been  cut  at  all;  in  1904  only  the  first 
;rop  was  removed.  In  consequence  of  this,  the  surviving  plants 
mdoubtedly  produced  seed  which  was  not  harvested,  but  fell  on  the 
^und,  thus  bringing  about  natural  reseeding.  In  this  case  seven 
^ears  of  unconscious  mass  selection  toward  cold  resistance  resulted 
Q  an  unusuaUy  hardy  strain.  The  Grinmi  variety  is  the  product  of 
jfty  years  of  similar  selection  in  the  Northwest.  -^         -■^.,..^P' 

The  term  ''selective  acclimatization"  may  be  applied  to  this  process 
if  change  whereby  hardy  lines  or  races  in  a  crop  plant  are  accent- 
uated in  later  generations  by  the  elimination  from  year  to  j^ear  of 
infit  lines.  The  versatility  of  a  race  produced  in  this  way  in  meet- 
ng  new  conclitions  in  other  areas  than  the  one  in  which  it  was  devel- 
>ped  will  probably  hinge  largely  on  the  range  of  selective  factors  to 
rhich  it  has  been  subjected  in  its  previous  history. 

H3'^bridization  between  alfalfa  and  its  wild  relatives  has  been  sug- 
;ested  as  an  immediate  method  of  securing  hardiness."  Its  use, 
lowever,  would  not  dispose  of  the  necessity  of  selection  both  before 
aid  after  the  making  of  the  crosses.  Antecedent  selection  will  be 
equired  for  determining  the  hardiness  of  the  chosen  parents  of  both 
he  wild  and  cultivated  stocks,  while  the  subsequent  selection  will 
le  essential  for  eliminating  the  nonhardy  by-products  of  crossing 
Old  isolating  the  lines  of  high  forage  and  seed  value. 

CONCLUSION. 

The  investigations  that  form  the  basis  of  the  present  paper  have 
teen  under  way  at  Dickinson,  N.  Dak.,  for  nearly  four  years.  At 
ither  places  in  the  Northwest  they  have  continued  a  year  longer. 
Phe  observations  recorded  show  that  the  employment  of  good  tillage, 
!he  use  of  a  suitable  strain  of  seed,  and  the  character  of  the  winter 
reather  are  the  controlling  factors  in  successful  alfalfa  production 
II  the  Northwest  when  soils  of  average  fertility  are  used. 

With  reference  to  tillage  it  may  be  said  that  the  previous  cropping 
md  treatment  of  the  soil  and  its  thorough  preparation  are  of  pri- 
pnary  importance.  Inoculation,  irrespective  of  the  manner  in  which 
i  is  secured,  determines  success  or  failure,  even  though  all  other 
conditions  are  satisfied. 

It  was  found  that  by  varjang  the  time  of  cutting  in  order  to  leave 
considerable  growth  on  the  field  in  the  autumn,  even  the  strains  of 
inferior  hardiness  endured,  though  the  conditions  were  severe.     This 

result  appeared  to  be  due  to  the  exhaustion  of  moisture  from  the 

^  —  - ' '  ■      — ■ — — ^ . 

«For  an  extended  discussion  of  this  point  of  view,  see  Westgate,  J.  M.,  "Variegated 
Alfalfa,"  Bulletin  169,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  1910. 
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soil  in  the  autumn  and  to  a  plant  covering  which  held  a  protective 
blanket  of  snow  over  the  alfalfa  crowns  during  severe  weather. 
Thinness  of  stand  resulted  in  a  high  percentage  of  winterkilling  in 
all  except  the  hardiest  varieties.  Farmers  who  are  unable  to  secure 
sufficient  seed  of  hardy  strains  for  acreage  plantings  may  find  it 
profitable  to  use  less  hardy  strains,  planning  to  leave  the  late  sum- 
mer and  early  fall  growth  standing  to  hold  the  snow. 

Thoroughness  in  preparing  the  soil  promotes  inoculation,  which  is 
essential  to  satisfactory  yields.  Lack  of  attention  to  this  point  has 
led  in  thousands  of  cases  to  the  plowing  up  of  alfalfa  stancj^  in  the 
Northwest  that  would  otherwise  have  been  successful.  Inoculation 
is  just  as  necessary  for  hardy  as  for  nonhardy  strains  of  seed. 

Present  experiments  show  that  undoubtedly  the  most  important 
cause  of  failure  in  actual  practice  has  been  the  use  of  seed  from 
regions  that  in  the  nature  of  things  can  not  produce  adapted  seed. 
In  practically  all  of  the  present  alfalfa-growing  areas  of  the  United 
States,  ordinary  American  alfalfa  and  commercial  importations  ol 
seed  from  abroad  have  proved  to  be  entirely  satisfactory  or  else  so 
easily  adaptable  to  condition^  as  to  become  satisfactory  after  one  oi 
two  generations  of  seed  have  been  produced.  This  is  particularij 
true  where  alfalfa  is  grown  under  irrigation.  Even  as  far  north  m 
the  Yellowstone  and  Milk  River  valleys  of  Montana  ordinary  Utal 
seed  has  given  satisfactory  results,  except  in  unusual  years.  In  the 
more  humid  parts  of  the  cold  North  and  Northwest  this  has  not 
proved  the  case.  After  a  severe  winter  in  these  sections  fields  d 
nonhardy  forms  of  alfalfa  show  only  the  dry  crowns  of  dead  plants, 
with  here  and  there  a  growing  plant.  The  profusion  of  the  lattei 
depends  wholly  upon  the  degree  of  winter  resistance  of  the  particulsi 
strain  used,  that  is,  upon  the  percentage  of  cold-resistant  individuals 
included  in  its  population. 

Our  knowledge  is  still  meager  as  to  what  quality  or  qualities  pro- 
duce hardiness  in  different  races  of  alfalfa.  The  importance  of  abilitj 
to  become  dormant  in  spite  of  weather  calculated  to  force  continued 
growth  has  been  pointed  out.  At  least  two  other  characteristics  ol 
the  plants  themselves  have  been  observed  that  are  believed  to  be  ol 
importance.  The  Mongolian  alfalfa  which  proved  to  be  the  hardiesi 
under  the  severe  test  at  Dickinson  of  any  of  the  newly  imported 
strains  was  found  both  there  and  at  Stockton,  Kans.,  to  have  croviJ^ 
more  deeply  set  in  the  soil  than  other  varieties.  It  seems  likely  that 
this  adaptation,  if  it  may  be  called  an  adaptation,  is  of  importance 
in  giving  the  tenderest  part  of  the  plant  the  needed  protection. 

Another  condition  has  been  noted,  especially  in  Grimm  alfalfa 
On  taking  up  the  crowns  in  old  stands  it  has  been  observed  that  at 
some  previous  time  the  taproot  has  been  completely  broken  off  frona 
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:  to  8  inches  below  the  surface."  Living  plants  in  such  cases  have 
Leveloped  new  roots  laterally  to  take  the  place  of  the  broken  ones. 
?liis  condition  has  suggested  the  possibility  that  the  long  endurance 
►f  stands  of  the  Grimm  strain  may  be  due  in  some  measure  to  a 
capacity  for  putting  out  new  roots  and  reestablishing  itself  after  the 
aproot  has  been  broken.  The  data  collected  on  this  point  do  not 
^et  justify  anything  like  positive  statements,  but  it  is  mentioned  in 
his  connection  to  stimulate  growers  and  breeders  to  make  note  of 
imilar  conditions. 

With  reference  to  weather  conditions,  which  because  of  their  impor- 
ance  have  been  discussed  rather  fully  in  the  present  paper,  the  foUow- 
ng  appeared  to  be  the  most  destructive  to  alfalfa  stands  under  the 
conditions  studied : 

(1)  A-  lack  of  sufficient  snowfall  or  the  exposure  of  plants,  due  to  drifting.  The 
Alter  condition  can  often  be  remedied  by  making  the  last  cutting  of  hay  early  enough 
K)  that  the  field  will  have  8  or  10  inches  of  plant  growth  to  bind  the  snow. 

(2)  Successive  thawing  and  freezing,  which  may  kill  the  plants  outright  by  ruptur- 
ing their  tissues  or  kill  them  indirectly  by  heaving  the  soil,  thus  breaking  the  main 
Kx>t8  and  stripping  off  the  lateral  roots.  The  crown  of  a  plant  killed  in  this  way  can 
l>e  drawn  from  the  ground  without  effort,  and  in  the  spring  it  usually  dries  out  before 
[t  can  reestablish  itself. 

(3)  An  excess  of  moisture  in  the  autumn  which  by  preventing  the  plants  from 
bardening  up  their  tissues  results  in  their  being  in  a  more  or  less  tender  and  succulent 
condition  when  winter  weather  sets  in.  Alternate  thawing  and  freezing  are  especially 
deadly  when  a  wet  autumn  or  a  late  irrigation  leaves  a  high  percentage  of  moisture 
m  the  soil. 

Dry  winters  have  been  supposed  to  be  highly  injurious  to  alfalfa, 
but  the  writers'  observations  indicate  that  it  is  only  the  dry  winters 
which  are  preceded  by  moist  autumns  that  do  the  greatest  injury. 
A  dry  fall  furnishes  more  favorable  conditions  for  wintering  over  by 
producing  more  perfect  dormancy.  In  the  well-recognized  alfalfa- 
growing  areas  of  the  United  States  winterkilling  has  never  occasioned 
excessive  losses. 

Observations  elsewhere  than  at  Dickinson  have  shown  at  least  two 
other  important  external  conditions  that  conduce  to  winterkilling, 
namely,  sleet  or  a  coat  of  ice  which  is  usually  an  accompaniment 
of  alternate  thawing  and  freezing,  and  severe  pasturing,  whether  by 
cattle,  sheep,  or  hogs,  especially  if  it  is  carried  late  into  the  autumn. 
In  the  case  of  ice  formation  it  seems  probable  that  the  plants  are 
injured  both  by  a  rupture  of  the  tissues  and  through  being  deprived 
of  the  necessary  aeration. 

^  Mr.  T.  H.  Kearney  calls  attention  to  the  fact  that  ordinary  alfalfa  in  Arizona  does 
this  when  the  taproot  has  been  destroyed  by  Ozonium.  This  disease  has  not  been 
found  in  Carver  County,  Minnesota. 
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I 

No  doubt  many  other  factors  in  addition  to  those  discussed  in  thtf 
bulletin  are  concerned  in  the  rapid  depreciation  of  alfalfa  stands  in 
cold  climates.  It  is  hoped  that  the  present  investigations  may  cosr 
tribute  to  a  fuller  knowledge  of  the  subject  and  assist  in  the  estab- 
lishment of  an  alfalfa  industry  in  the  Northwest  comparable  to  that 
which  has  grown  up  farther  west  and  in  the  Southwest  within  tbe 
past  fifty  years. 
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DESCBIPTIOX  OF  PISTES. 

Plate  I.  (Frontispiece.)  Fig.  1. — Experimental  plats  of  albilfa  in  hills  and  driU 
at  Dickinson,  N.  Dak.,  on  October  1,  1908.     Each  row  was  sown  to  a 
strain  in  the  spring  of  1908, 68  kinds  in  all,  and  on  the  date  the  photo^pli 
for  this  illustration  was  taken  practically  every  one  had  a  full  stand.     Fig.  2^'^ 
same  experimental  plats  at  Dickinson,  N.  Dak.,  on  June  10,  1909,  ahoi 
great  diversity  in  the  winter  resistance  of  alfalfa  from  di£ferent  parts  of  the 
The  statistics  of  winterkilling  for  the  section  in  the  immediate  fc 
rows  35  to  68,  counting  from  right  to  left  along  the  white  stakes  in  the  mid^ 
the  picture,  are  shown  in  the  second  part  of  Table  XIII.    Those  for  rows  1 
comprising  the  section  between  the  first  and  second  complete  lines  of  BtakeSpi 
presented  in  the  first  half  of  Table  XIII. 

Plate  II.  Fig  1. — Experimental  plats  showing  the  importance  of  a  snow  cov< 
The  small  patch  of  red  clover  m  the  foreground  stands  in  the  meager  shelter 
old  back  furrow.    This  furrow,  which  is  only  slightly  higher  than  the  eoil 
it,  held  a  few  inches  of  drifting  snow  over  the  plants  and  preserved  them  fiMli 
injury,  while  the  remainder  of  the  plat,  which  is  only  a  few  hundred  feet  frcMtt^M 
almlfa  nursery,  killed  out  completely.     Fig.  2.— Experimental  plats  at  Stool 
Kans.,  showing  the  winterkilling  of  North  African  and  Arabian  alfalfa  in  the 
winter  of  1908-9.     The  middle  row  is  Kebilli  Oasis  alfalfa,  No.  12846,  secuied 
Mr.  T.  H.  Kearney  from  Tunis.     At  Dickinson,  N.  Dak.,  this  strain  killed 
100  per  cent.     (See  row  20,  Table  XIII . )    The  row  at  the  ri^ht  of  this,  ehowin^l 
few  plants,  is  from  Tripoli.    Two  rows  to  the  right  of  the  Tripolitan  strain  andr 
the  left  of  the  Tunisian  are  Arabian  alfal&i,  the  tenderest  variety  known.     Not 
living  plant  at  Stockton  remained  in  any  of  the  Arabian  rows  in  the  sprii 
These  rows  are  identical  with  Nos.  6,  7,  8,  and  9,  Table   XIII,  Dickinsi 
experiments. 

Plate  III.  Fig.  1. — Experimental  plats  showing  seven  rows  of  European 
after  the  winter  of  1908-9  at  DicKinson,  N.  Dak.    The  four  rows  to  the  left  of 
arrow  nearest  the  middle  of  the  picture.  Table  XIII,  rows  57  to  60,  inclusive, 
the  so-called  commercial  or  false  sand  lucern  from  France  and  Germany .     Row  ^ 
is  Italian  alfalfa  and  row  62  Provence  alfalfa  grown  in  Germany.     Row  63,  imi 
diately  to  the  right  of  the  arrow  nearest  the  margin,  is  another  sample  of 
mercial  sand  lucern.    The  two  rows  to  the  right  of  the  middle  arrow,  rows  56 ^ 
55,  Table  XIII,  are  Utah  dry-land  alfalfa.     Next  is  South  Dakota  No.  167, 
the  80-calied  Baltic  alfalfa,  while  between  this  and  the  two  rows  of  Grimm  i 
at  the  right,  is  a  row  of  Brott's  Nebraska  dry-land  alfalfa.     Fig.  2. — Ex] 
plats  showing  three  rows  of  Mongolian,  the  hardiest  newly  imported  alfail 
m  the  experiment,  Dickinson,  N.  Dak.,  August,  1909.    (See  rows  2,  3, 
Table  XIII.) 

Plate  IV.  Fig.  1. — Experimental  plats  showing  the  winterkilling  of  North  Ai 
alfalfa  and  some  other  strains  at  Dickinson,  N.  Dak.     Photographed  Ji 
1909.     The  row  indicated  by  the  arrow,  row  47,  Table  XIII,  is  Colorado 
which  was  included  in  the  field,  plat,  and  row  experiments.     In  order,  the  k 
the  left  of  the  arrow  are  as  follows:  No.  48,  Kansas;  49,  Chinook,  Mont.;  50, 
water,  Nebr.;  51,  Minnesota  Grimm;  52,  North  Dakota  Grimm.    Totheleftt 
arrow  are  the  following:    No.  46,  first  quality  commercial,  of  European  < 
with  variegiited  flower  color;  45  and  44,  Mexico;  43  and  42,  Canada;  41,  Bi 
Mont.;  40,  Wheeler's  acclimatized  Turkestan.    Fig.  2. — A  field  of  Grimm  ^ 
in  Carver  County,  Minnesota,  showing  the  nature  of  the  severe  winterkillim| 
1905-G.     Althou<rh  this  field  is  located  on  a  sidehill,  so  that  no  water  could 
Htandiiifj  on  it,  considerable  winterkilling  took  place  in  the  **draws"  or 
drainage  courses  of  the  field  where  the  soil  had  become  oveisaturated  by  autui 
moisture.     Photographed  in  September,  1909. 
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The  patch  ol  red  flover  in  the  (oregrai 


3,  countEng  irom  rtght  to  lein  are  [ram  Europe. 


—Experimental  Plats  at  Dickinson,  N.  Dak  ,  Showinq  the  WiNTEAKiLLiNfi 
OF  North  American  Strains  of  Alfalfa. 
The  rows  Are  Dumbered  from  right  to  left,  Ibe  arrow  IndlotlnK  Ko.  V. 


Fb.  2— a  Field  of  Ghimm  Alfalfa  in  Carver  Countv,  Minnesota,  Showing  the 
wlnterkillinq  in  1905-6  in  the  "dhaws"on  natural  drainage  courses  of  th£ 
Field. 
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growing,  controlling  factors '. 9 

drill-row  and  hill  experiments  at  Dickinson,  N.  Dak.,  begun 

in  1908 30^56 

experiments,  Dickinson,  N.  Dak.,  begun  in  1906 1 1-18 

1907 18-22 

winterkilling 
and  yields. .  22 

1908 23-30 

comparison  of  field  plats  and 

rows  and  hilb 56-60 

diversities,  etc 23-30 

field    plats   sown   in  1907, 

management 56-57 

field    plats  sown  in  1908, 

management 57-^9 

previous  treatment  of  land . .   18-20 
soil     preparation,    weather 
conditions,  etc.,  1907  and 

1908 20-22 

with  22  varieties,  table  of 

results,  etc 11-18 

Kansas,  without  irrigation 10-11 

Nebraska,  without  irrigation 10-11 

Guaranda,  winter  resistance,  1908-9 43 

hardiness,  comparison  with  red  clover 21 

dormancy  as  factor 15 

effect  of  autumn  weather  conditions 15 

hybridization 25 

not  correlated  with  diversity  in  flower  color 64 

range,  etc 10-11 

size  of  seed,  apparent  correlation 47 

variations,  causes 65 

hardy,  methods  of  production 64-67 

hay,  yield  of  different  plats,  effect  of  inoculation 29-30 

hybridization,  means  of  securing  hardy  strain 67 

inoculation  and  thickness  of  stand,  relation  to  cold  resistance 25, 59 

of  plants,  importance 18,25,29-30,67,68 

introduction  into  United  States  of  Algerian  strains 9-10 

irrigation,  autumn,  effect 62 

Italian,  winter  resistance,  1908-9 44 

Kansas,  growing  without  irrigation 10-11 

winter  resistance,  1908-9 50 

mass  selection,  production  of  pure  race 66 
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Llfalfa,  Mexican,  introductioa  into  United  States 10 

winter  resistance,  1908-9 48 

Mongolian,  hardiest  foreign-grown  strain 47 

hardiness,  variation  with  size  of  seed 46-47 

introduction. 47 

winter  resistance,  1908-9 46-47 

Montana,  winter  resistance,  1908-9 48, 50 

mowing  close,  effect  on  winter  resistance 61 

method,  effect  on  winter  resistance 67-68 

Nebraska,  growing  without. irrigation 10-11 

winter  resistance,  1908-9 48, 50 

need  of  suitable  strain  for  humid  Eastern  States 11 

Southern  States 11 

Northern  States 11 

semiarid  regions 11 

North  American,  winter  resistance,  1908-9 47-56 

Oasis,  introduction  into  United  States 9, 10 

value  in  Southwest  for  hay  production 43 

winter  resistance,  1908-9 i 43 

old  German  Franconian,  winter  loss 51 

Peruvian,  introduction  into  United  States 10 

winter  resistance,  1908-9 43 

plants,  protection  by  snow 37 

Poitou,  introduction  into  United  States 9 

production,  Northwest,  important  factors 67 

of  a  pure  strain 66 

Provence,  introduction  into  United  States 9 

range,  hardiness,  etc 10-11 

Russian,  winter  resistance,  1908-9 44 

Sahara,  winter  resistance,  1908-9 43 

seed,  selection,  importance  of  care 68 

size,  relation  to  tenderness  of  plants 46-47 

seeding,  experimental  plats,  Dickinson  N.  Dak.,  1906  and  1907 12, 20 

selective  climates 49 

Setif,  winter  resistance,  1908-9 44 

Simbirsk,  hardiness  at  Dickinson,  N.  Dak.,    comparison  with  other 

varieties 20,  21,  22 

South  American,  winter  resistance,  1908-9 43 

Dakota,  origin,  winter  resistance,  etc 55-56 

Spanish,  winter  resistance,  1908-9 44 

stand,  effect  of  different  soil  treatments 24 

original,  cause  of  differences 24 

stands  of  varying  thickness,  amount  of  soil  moisture  present 34-37 

strains  used  in  drill-row,  and  hill  experiment-s,  origin 31-32 

survival  of  winter  of  1906-7,  causes 17 

taproot,  breaking,  results 68-69 

tillage,  important  considerations 68 

Turkestan,  acclimatized,  history,  experiments,  etc 51-56 

seeding  capacity 54 

winter    resistance,    comparison    with    other 

strains 52-55 

hardinetis  at  Dickinson,  N.  Dak.,  comparison  with  other 

varieties 20, 21, 22 
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Alfalfa,  Turkestan,  introduction  into  United  States M 

seed,  production 6 

purchase  by  northern  growers,  caution 46-4 

winter  resistance,  1908-9 45-4 

use  of  name .• ] 

Utah,  hardiness  at  Dickinson,  N.  Dak.,  comparison  with  other  varieties.  20, 2 

winter  resistance,  1908-9 48,8 

winter  resistance,  importance  of  snowfall fl 

winterkilling,  cause  of  differences  in  amount 24-2 

caused  by  coat  of  ice i 

excess  moisture ; 61 

sleet || 

successive  freezing  and  thawing 6l 

prevention,  snow  a  factor 1| 

results  of  experimenta  at  Dickinson,  N.  Dak 21 

yields,  results  of  experiments  at  Dickinson,  N.  Dak 2 

See  also  Lucern  and  Medicago. 

Alfalfas,  local  adjustment 31 

progeny  of  Old  World  introductions,  hardiness,  results  of  experiments.  Si 

winter  resistance  in  drill  rows  and  hills  in  1908-9  experiments 43-M 

Algerian  alfalfa.    See  Alfalfa,  Algerian. 

Alma,  Nebr.,  temperature,  minimum  monthly,  for  cold  months 3S 

''Alt-deutsche  frankische  Luzerne,"  origin  of  name,  relation  to  Grimm  alfalfa, 

etc 41 

winter  resistance,  1908-9 44 

American  alfalfa.    See  Alfalfa,  American. 
Arabian  alfalfa.    See  Alfalfa,  Arabian. 
Aiigentina  alfalfa.    See  Alfalfa,  Argentina. 

Bessey,  E.  A.,  introduction  of  Turkestan  alfalfa  into  United  States 10 

Blizzard,  November  30,  1908,  Dickinson,  N.  Dak S7 

Canada,  need  of  suitable  strain  of  alfalfa 11 

Canadian  alfalfa.    See  Alfalfa,  Canadian. 
Chilean  alfalfa.    See  Alfalfa,  Chilean. 

Chinook,  Dickinson,  N.  Dak.,  January  16,  1909 '39 

Mont.,  temperature,  minimum  monthly,  for  cold  months 25 

Climates,  different,  selective  values 4$ 

Clover,  hardiness,  dormancy  as  factor 15 

red,  hardiness 37 

comparison  with  alfalfa 21 

Cold,  factor  in  producing  dormancy  of  alfalfa 16 

resistance  of  alfalfa,  Grimm,  difference  between  two  samples 25-27 

purpose  of  investigations 9-11 

Colorado  alfalfa.    See  Alfalfa,  Colorado. 

Conclusion  of  bulletin 67-70 

Dickinson,  N.  Dak.,  blizzard,  November  30,  1908 37 

Chinook  wind,  January  16,  1909 39 

frosts,  killing,  first,  fall  of  1906 15 

occurrence,  fall  of  1908 33 

location,  elevation,  etc 11 

precipitation,  January,  1909,  daily  record 3S 

rainfall,  1906-8 13,14 
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,  N.  Dak.,  rain&ill,  September  and  October,  1908 59 

snowfall,  January,  1907 14, 16 

1909 39 

November  25-26,  1908 37 

temperature,  January,  1909,  daily  record 38-39 

winter  1906-7 13-14 

temperatures,  mean,  1906-1909 17 

weather  conditions  and  other  observations,  1907  and  1908.  20, 22 

January,  1909 38-39 

summer  of  1908 32-33 

winter  of  1908-9 37-39 

daily  record,  January,  1907 14 

ll-rovp's,  experiments  in  alfalfa  growing,  at  Dickinson,  N.  Dak.,  begun  in 

K)8 30-66 

fught,  factor  in  producing  dormancy  of  alfalfa 16 

resistance  of  alfalfa,  relation  to  hardiness ^ 64 

lador  alfalfa.    See  Alfalfa,  Ecuador. 
rptian  alfalfa.    See  Alfalfa,  Egyptian. 
ropean  alfalfa.    See  Alfalfa,  European. 

periments,  cold  resistance  of  alfalfa 11-63 

rchild,  D.  G.,  and  Scofield,  C.  S.,  introduction  of  Algerian  alfalfa  into  United 

States 9-10 

^wers,  alfalfa,  color,  diversity,  comparison  of  strains 55 

relation  to  hardiness 64 

3ezing  and  thawing,  successive,  cause  of  winterkilling  of  alfalfa 69 

dnch  alfalfa.    See  Alfalfa,  French,  and  Lucem,  sand. 

oat,  occurrence  August  22,  1908,  Dickinson,  N.  Dak 33 

oets,  killing,  firet,  Dickinson,  N.  Dak.,  fall  of  1906 15 

1907 20 

late,  Dickinson,  N.  Dak.,  spring  of  1907 17 

occurrence,  Dickinson,  N.  Dak.,  fall  of  1908 33 

srman  alfalfa.    See  Alfalfa,  German. 

srmanyy  Tauber  River  valley,  production  of  Franconian  alfalfa 51 

reat  Plains,  coldest  parts,  hardiness  of  common  alfalfa 21 

rimm  alfalfa.    See  Alfalfa,  Grimm. 

Wendelin,  introduction  of  Grimm  alfalfa 50 

Qaranda  alfalfa.    See  Alfalfa,  Guaranda. 

iansen,  N.  A.,  introduction  of  alfalfa  into  North  America 9 

ATdiness,  alfalfa,  comparison  with  red  clover 21 

determining,  importance  of  dormancy 16 

dormancy  as  factor 15 

effect  of  autumn  weather  conditions 15 

hybridization 25 

Grimm,  method  of  producing .^ 67 

variations,  causes 65 

clover,  dormancy  as  factor 15 

red 37 

comparison  with  alfalfa 21 

See  also  Winterkilling. 

Hay,  alfalfa,  value  of  Oasis  variety  in  Southwest 43 

yield  of  different  plats,  effect  of  inoculation 29-30 

Herba  medica,  Italian  name  for  alfalfa 10 
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Hills,  experiments  in  alfalfa  growing  at  Dickinson,  N.  Dak.,  begun  in  1908 

Hybridization,  effect  on  hardiness  of  alfalfa 

method  of  producing  hardy  strain  of  alfalfa 

Ice,  coat,  cause  of  winterkilling  of  alfalfa 

Inoculation,  alfalfa,  effect  on  cold  and  frost  resistance S 

importance 18,  25, 29-30,  67.< 

Introduction  to  bulletin i 

Irrigation,  autumn,  effect  on  alfalfa t 

Italian  alfalfa.    See  Alfalfa,  Italian. 
Kansas  alfalfa.    See  Alfalfa",  Kansas. 

Kearney,  T.  H.,  introduction  of  Oasis  alfalfa  into  United  States 

Kelly,  W.  F.,  production  of  South  Dakota  alfalfa 

Lathrop,  Barbour,  and  Fairchild,  D.  G.,  introduction  of  certain  strains  of  alfalfa.         11 
Loam.    See  Soil,  loam. 

Lucern,  sand,  introduction i 

winterkilling 64 

use  of  name 10 

See  also  Alfalfa,  "  Alt-deutsche  friinkische  Luzerne,"  and  Medicago. 

Medica  sativa,  common  names. 10 

Medicago  sativa  gaetula,  introduction 10 

turkestanica,  introduction,  nature,  etc M-55 

See  also  Alfalfa  and  Lucern. 
Mexican  alfalfa.    See  Alfalfa,  Mexican. 

Moisture,  autumn,  effect  on  alfalfa 60-6^ 

dormancy  of  alfalfa  plants 33-34 

excess,  cause  of  winterkilling  of  alfalfa ^ 

soil,  amount  in  alfalfa  stands  of  varying  thickness S4-37 

Mongolian  alfalfa.    See  Alfalfa,  Mongolian. 
Montana  alfalfa.    See  Alfalfa,  Montana. 

Chinook,  experiments  with  Grimm  alfalfa 25-27 

Milk  River  Valley,  winter  resistance  of  alfalfa,  causes 63 

Mowing,  alfalfa,  close,  effect  on  winter  resistance 61 

method,  effect  on  winter  resistance 67-6S 

Nebraska  alfalfa.    See  Alfalfa,  Nebraska. 

Alma,  experiments  with  Grimm  alfalfa 25-27 

North  American  alfalfa.    See  Alfalfa,  North  American. 

Dakota,  Dickinson,  alfalfa  growing,  experiments 11-56 

Oasis  alfalfa.    See  Alfalfa,  Oasis. 
Peruvian  alfalfa.    See  Alfalfa,  Peruvian. 

Plates,  description 72 

Poitou  alfalfa.    See  Alfalfa,  Poitou. 

Precipitation,  Dickinson,  N .  Dak.,  daily  record,  January,  1909 38 

See  also  Rainfall. 
Provence  alfalfa.     Sec  Alfalfa,  Provence. 

Rainfall,  Dickinson,  N.  Dak.,  1900-1908 13,U 

September  and  October,  1908 59 

See  also  Precipitation. 
Red  clover.    See  Clover,  red. 

Rorkhill,  \V.  \V. ,  introduction  of  Mongolian  alfalfa 41 

Rowp,  tests  of  alfalfa  growing,  compared  with  other  tests *. 5& 

Russian  alfalfa.     .SV^  Alfalfa,  Russian, 
thi.stle.     See  Thistle,  Russian. 
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tyf,  G.,  reference : '..  10 

lAlisura  alfalfa.    See  Alfalfa,  Sahara. 

ioLiicly  soil.    See  Soil,  sandy. 

kr-ofield,  C.  S.,  and  Fairchild,  D.  G.,  introduction  of  Algerian  alfalfa  into  United 

States 9-10 

teed,  alfalfa,  selection,  importance  of  care 68 

size,  relation  to  tenderness  of  plants 46-47 

Turkestan,  production 67 

purchase  by  northern  growers,  caution 45 

Seeding,  alfalfa,  experimental  plats,  Dickinson,  N .  Dak.,  1906 12 

1907 20 

3etif  alfalfa.    See  Alfalfa,  Setif. 
Simbirsk  alfalfa.    See  Alfalfa,  Simbirsk. 

Sleet,  cause  of  winterkilling  of  alfalfa 69 

Snow,  factor  in  preventing  winterkilling  of  alfalfa 15 

protection  to  alfalfa  plants : 37 

Bnowfall,  Dickinson,  N.  Dak.,  January,  1907 •. 14,16 

1909 39 

November  25-26, 1908 37 

importance  in  winter  resistance  of  alfalfa 69 

Soil,  alfalfa-growing  experiments,  Dickinson,  N.  Dak.,  preparation,  1907 20 

previous  treatment.  . . .  18-20 

effect  of  different  treatments  on  stand  of  alfalfa 24 

loam,  experiments  with  22  varieties  of  alfalfa,  table  of  results 12 

moisture.    See  Moisture,  soil. 

nature  and  treatment  in  drill-row  and  hill  experiments  with  alfalfa  at 

Dickinson,  N.  Dak 31 

sandy,  experiments  with  22  varieties  of  alfalfa,  table  of  results 12 

Soils,  alfalfa  growing  at  Dickinson,  N.  Dak.,  experiments 12-13 

South  American  alfalfa.    See  Alfalfa,  South  American. 

Dakota  alfalfa.    See  Alfalfa,  South  Dakota. 
Spanish  alfalfa.    See  Alfalfa,  Spanish. 

States,  Eastern,  humid,  need  of  suitable  strain  of  alfalfa 11 

Northern,  need  of  suitable  strain  of  alfalfa 11 

Southern,  humid,  need  of  suitable  strain  of  alfalfa 11 

Swingle,  W.  T.,  alfalfa,  Mongolian,  introduction 47 

Taproot,  alfalfa,  breaking,  results 68-69 

Tauber  River  valley,  Germany,  production  of  Franconian  alfalfa 51 

Temperature,  Chinook,  Mont.,  and  Alma,  Nebr.,  minimum  monthly  for  cold 

months 25 

Dickinson,  N.  Dak.,  daily  record,  January,  1909 38-39 

winter  of  1906-7 13-14 

winters  of  1906,  1907,  1908,  1909 21 

Temperatures,  Dickinson,  N.  Dak.,  mean,  1906-1909 17 

Thistle,  Russian,  use  as  plant  cover  for  holding  snow 20 

Tillage,  alfalfa,  important  considerations f)7 

Turkestan  alfalfa.    See  Alfalfa,  Turkestan. 

Utah  alfalfa.    See  Alfalfa,  Utah. 

Weather  conditions,  Dickinson,  N.  Dak.,  autumn,  effect  on  hardiness  of  alfalfa  15 

January,  1907,  daily  record 14 

1909 38-39 

summer  of  1908 32-33 
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Weather  conditions,  Dickinson,  N.  Dak. ,  winter  of  1908-9 37 

winter  of  1905-6,  effect  on  alfal&k Bt^ 

Weeds,  occurrence  in  alfalfa  plats 28 

effect  on  yields 2S 

W^estgate,  J.  M.,  observations  on  South  Dakota  alfalfa 55 

Winterkilling,  alfalfa,  cause  of  differences  in  amount 24-25 

caused  by  coat  of  ice 69 

excess  moisture 69 

sleet 69 

successive  freezing  and  thawing 69 

experiments  at  Dickinson,  N.  Dak 22 

prevention,  snow  a  factor 15 

results  of  experiments  at  Dickinson,  N.  Dak 23 

See  also  Hardiness. 

Yield,  alfalfa,  differences,  causes,  etc 27-29 

alfalfa,  experiments  at  Dickinson,  N.  Dak 22,23 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 

WdshingtoUj  D,  C,  April  15 j  1910. 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 

Field  Studies  of  Crown-Gall  and  Hairy-Root  of  the  Apple  Tree," 

y  Dr.  George  G.  Hedgcock,  at  present  Pathologist  in  Investigations 

i  Forest  Pathology. 

This  paper  embodies  the  results  of  several  years  of  investigation 

nd  experiment  and  covers  the  distribution  of  crown-gall  and  hairy- 

oot,  a  description  of  their  different  forms,  their  probable  relations, 

jid  their  development;  the  effect  of  the  diseases  upon  apple  trees; 

he  susceptibility  of  varieties;  communicability  in  the  nurseiy  and 

orchard;   and  prevention  and  cure.     The  paper  marks  the  comple- 

ion  of  Doctor  Hedgcock's  work  on  this  subject.    The  field  study 

>f  these  diseases  will  be  continued  by  the  OflBce  of  Fruit-Disease 

[nvestigations. 

Studies  of  the  etiology  and  interrelations  of  crown-gall  have  been 

made  by  Messrs.  Smith  and  Townsend  and  by  Miss  Brown,  of  the 

Bureau  of  Plant  Industry,  and  are  still  in  progress. 

I  respectfully  recommend  that  this  manuscript  be  published  as 

Bulletin  No.  186  of  the  series  of  this  Bureau. 

Respectfully, 

B.  T.  Galloway, 

(Jhief  of  Bureau. 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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B.  P- 1.— 680. 

FIELD  STUDIES  OF  THE  CROWN-GALL  AND  HAIRY 

ROOT  OF  THE  APPLE  TREE 


INTBODUCTION. 

Growers  of  fruit  trees  have  noted  for  many  years  a  diseased  con- 
dition of  apple  trees  which  usually  manifests  itself  on  yoimg  trees 
in  the  formation  of  galls  aud  of  clustered  or  f asciated  roots  at  or  near 
the  surface  of  the  ground,  and  on  older  trees  in  the  form  of  knots 
or  tumors  occurring  on  the  branches.  These  forms  of  disease  have 
been  variously  designated  as  "galls/'  "crown-gall,"  "crown-knot," 
"hairy-root,"  "wooUy-knot,"  "woolly-root,"  "broom-root,"  "root 
knots,"  "root  galls,"  and  "tumors." 

In  recent  years  these  forms  of  the  disease  have  been  brought  promi- 
nently before  the  public  by  a  number  of  investigators.  As  a  result  of 
the  consequent  agitation,  following  statements  alleging  their  danger- 
ous nature,  many  States  have  enacted  stringent  laws  for  prevention 
and  control.  Although  such  laws,  as  a  rule,  should  be  enacted  as  a 
matter  of  precaution,  in  this  case  they  have  entailed  great  hardship 
and  loss  to  nurserymen.  An  estimate  of  this  loss,  based  upon  reports 
received  from  leading  wholesale  nurserymen  in  various  parts  of  the 
country,  places  the  amount  at  not  less  than  half  a  million  dollars 
annually.  The  actual  loss  to  orchardists  is  uncertain.  In  fact,  data 
from  exact  and  careful  orchard  experiments  have  not  hitherto  been 
available. 

A  very  unsatisfactory  condition  has  arisen  from  the  widely  diver- 
gent opinions  of  observers  relative  to  the  communicability  of  crown- 
gall  and  to  its  effect.  State  laws  upon  the  control  of  these  forms  of 
disease  vary  as  much  as  the  opinions  of  those  who  have  made  observa- 
tions upon  their  effect.  Consequently,  there  has  arisen  an  urgent  de- 
mand from  nurserymen  and  horticulturists  for  more  exact  data  on 
their  nature.  In  response  to  this  demand,  a  series  of  studies  and  ex- 
periments, embracing  the  greater  portion  of  the  United  States,  has 
been  conducted  by  the  writer  for  a  continuous  period  of  seven  years. 
This  investigation  has  included  the  forms  of  disease  ordinarily  known 
as  "crown-gall"  and  "hairy-root"  attacking  many  kinds  of  trees, 
vines,  and  shrubs,  embracing  a  study  of  tlie  cause,  communicability, 
effect,  and  extent  of  the  various  forms  of  disease. 
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This  bulletin  embodies  the  results  of  that  portion  of  the  investiga- 
tion which  relates  to  apple  ^  trees.  An  endeavor  is  made  to  set  forth 
clearly  the  nature  of  the  disease  and  its  effect  upon  trees  in  the  nur- 
sery and  the  orchard,  as  well  as  to  recommend  methods  for  its  con- 
trol in  the  orchard.  Of  no  less  importance  is  the  information  for 
nurserymen  resulting  from  a  large  number  of  experiments  in  nursery 
practice.  Methods  are  given  whereby  loss  caused  by  some  forms  of 
crown-gall  and  hairy-root  may  be  either  lessened  or  almost  completely 
eliminated  without  greatly  increasing  the  cost  of  growing  trees  in  the 
nursery.  Finally,  it  is  shown  by  actual  experiment  that  in  the  case 
of  the  milder  and  usual  forms  of  the  disease  little  or  no  injury  is  ap- 
preciable in  young  orchards.  More  intense  forms,  however,  may  be 
injurious,  but  in  an  orchard  these  rarely  develop  from  the  milder 
forms.  No  proof  has  been  foimd  that  any  of  the  forms  are  beneficial, 
as  in  case  of  the  root  tubercles  of  legumes. 

The  writer  has  briefly  described  in  this  and  in  previous  publica- 
tions a  number  of  forms  of  crown-gall  and  hairy-root.  There  remain 
some  points  of  doubt  to  be  cleared  up  by  other  investigators,  since 
this  publication  concludes  the  writer's  work  on  this  subject.  In  the 
discussion  which  follows,  for  reasons  given  later  and  in  order  not  to 
confuse  the  reader,  all  forms  of  crown-gall  and  hairy-root  will  be  con- 
sidered as  forms  of  the  same  disease. 

The  results  of  many  experiments  are  given,  some  of  which  were  con- 
ducted in  Missouri,  Illinois,  Iowa,  Nebraska,  Kansas,  and  Arkansas, 
and  others  in  the  District  of  Columbia  and  Virginia.  It  is  necessary, 
for  brevity,  to  say  in  the  beginning  that  all  experiments  were  prepared 
and  conducted  under  the  personal  supervision  of  the  writer  and  that 
all  portions  of  each  experiment  were  equally  well  prepared  and  cared 
for  under  similar  conditions.  Where  such  is  not  the  case  mention 
is  made  of  the  fact. 

In  the  index  to  literature,  on  pages  93  to  96  of  this  bulletin,  are  cited 
all  of  the  principal  publications  on  apple  crown-gall  and  hairy-root 
published  in  the  United  States,  as  well  as  many  of  those  in  other 
countries.  A  number  of  American  and  foreign  publications  on  the 
subject  of  crown-gall  deal  with  the  disease  on  other  hosts  than  the 
apple,  and  these  have  not  been  cited. 

Prior  to  July,  1907,  the  work  of  investigation  was  conducted  in  the 
Mississippi  Valley  Laboratory  of  the  Department  of  Agriculture  at 
St.  Louis,  Mo.,  under  the  supervision  of  Dr.  Hermann  von  Schrenk. 

o  Owing  to  the  confusion  in  the  nomenclature  of  many  of  the  common  varieties  of 
apples,  all  of  the  names  used  in  this  bulletin  are  in  accordance  with  the  "Nomenclatuie 
of  the  Apple/'  by  W.  H.  Ragan,  Bulletin  56,  Bureau  of  Plant  Industry,  issued  January 
26,1906. 
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i  HI6T0BIGAL  NOTES.  11 

HUTO&ICAIi  KOTB8  ON  OBOWV-OALL  AND  HAntT^SOOT. 

The  forms  of  the  disease  originally  known  as  "crown-gall,"  con- 
sisting of  fleshy  outgrowths  on  the  roots  of  fruit  trees,  have  been 
known  by  nurserymen  to  occur  in  the  United  States  for  nearly  half 
a  century,  although  the  first  published  mention  of  them  is  much  later. 
In  fact,  about  all  the  literature  on  the  subject  dates  since  1890.  No 
one  can  be  certain  as  to  the  time  of  the  first  appearance  of  the  disease 
in  this  country.  In  the  opinion  of  the  writer  it  was  introduced  with 
plants  from  Europe.  The  Europeans  have  known  the  disease,  or  a 
siniilar  one,  for  many  years.  According  to  Sorauer  (57  *)  the  Wurzel- 
kropf ,  which  may  be  considered  the  same  disease,  occurs  on  the  apple 
and  the  pear  in  Germany. 

Owing  to  its  wide  geographic  distribution,  crown-gall  has  attracted 
the  attention  of  a  number  of  investigators  in  this  country.  Bailey 
(5)  and  Stewart  (62)  in  New  York;  Clinton  (8)  in  Connecticut;  Selby 
(49)  in  Ohio;  Taft  (65)  in  Michigan;  Woodworth  (79),  Wickson  (77), 
and  W.  E.  Smith  (56)  in  California;  Toiuney  (68)  in  Arizona;  Forbes 
(10)  in  Illinois;  Alwood  (1)  and  Phillips  (40)  in  Virginia;  and  E.  F. 
Smith  (53),  E.  F.  Smith  and  Townsend  (54),  von  Schrenk  (71),  and 
Hedgcock  (19)  of  this  Department  have  published  articles  concerning 
the  crown-gall  forms  of  the  disease.  Others  are  cited  later  in  this 
bulletin. 

The  forms  of  the  disease  known  as  hairy-root  have  been  observed 
by  some  of  the  older  nurserymen  ever  since  they  have  grown  apple 
trees,  dating  back  nearly  fifty  years.  Attention  was  first  called  to 
the  disease  in  this  country  by  Stewart,  Rolfs,  and  Hall  (64).  In  1900 
they  described  the  simple  form  of  hairy-root  on  apple  seedlings  in 
New  York,  giving  it  the  name  '' hairy-root, '^  which  had  already  been 
applied  to  the  disease  by  nurserymen.  This  form  and  three  other 
forms  of  the  disease  have  since  been  recognized  and  described  by  the 
writer  (21). 

In  Europe  at  least  two  forms  of  the  disease  have  been  described 
by  German  investigators.  That  known  in  Germany  as  ^'Wurzel- 
kropf  is  apparently  identical  with  crown-gall.  Frank  (14)  and 
Sorauer  (58)  have  described  this  disease  on  the  apple  and  the  pear. 
A  second  form  of  the  disease  in  Germany,  which  is  apparently  iden- 
tical with  the  aerial  form  of  hairy-root,  is  called  ^'Elropfmaser''  by 
Frank  (14)  and  Sorauer  (61).  Kissa  (30)  describes  this  disease  on 
Pirvs  malu8  sinensis.  Julie  Jaeger  (28)  describes  the  same  disease  on 
the  limbs  of  apple  trees.  Wakker  (74)  describes  a  similar  disease  on 
species  of  Ribes  in  Holland. 

a  The  numbers  in  parentheses  used  in  this  paper  refer  to  the  index  to  literature  on 
pp.  93-96. 
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DISTBIBXrriON  OF  THE  DI8BA8B  AND  BBULTBD  TOBXS. 

OEOOBAFHIOAL  DISTRIBUTION. 

The  hard  and  soft  forms  of  crown-gall  on  the  apple  tree  and  on 
various  other  plants  have  either  been  observed  by  the  writer  or 
reported  to  him  by  others  in  practically  every  State  in  the  Union. 
The  writer  has  found  both  forms  of  the  disease  on  apple  trees  in  every 
locality  where  nurseries  were  inspected  by  him,  and  in  many  wliere  no 
nurseries  were  located.  The  disease,  in  both  forms,  is  most  abundant 
in  the  more  southern  States  of  the  apple-growing  belt,  from  Virginia 
to  Texas.  The  writer  collected  data  in  31  States  and  Territories  and 
received  reports  of  occurrence  from  correspondents  in  all  of  the  others 
except  Nevada. 

In  Europe,  as  previously  mentioned,  crown-gall  or  a  similar  disease 
(Wurzelkropf)  occurs  on  apple  and  pear  trees  in  Germany.  The 
writer  finds  it  common  on  apple  seedlings  imported  direct  from  Hol- 
land and  France.  W.  S.  Blair,  in  a  letter,  reports  its  occurrence  in 
Ontario,  Canada,  on  apple  trees. 

The  forms  of  the  disease  known  as  hairy-root  have  been  found  as 
widely  disseminated  as  crown-gall  on  apple  trees  in  nurseries  and 
orchards  in  the  United  States.  In  orchards  hairy-root  is  more  com- 
mon than  crown-gall. 

In  Europe  the  aerial  form  of  hairy-root  or  a  similar  form  (Kropf- 
maser)  occurs  on  apple  trees  in  Germany  (60).  W.  S.  Blair,  by 
letter,  reports  the  occxurence  of  hairy-root  on  the  roots  of  apple  trees 
in  Ontario.  Hairy-root  of  the  simple  and  of  the  woolly-knot  form  has 
been  found  by  the  writer  on  trees  imported  into  the  United  States 
from  New  Zealand. 

DISTRIBUTION   IN   KUBSEBIES. 

In  seedling  nurseries  apple  trees  are  grown  for  one  season  from  seed, 
then  dug  and  used  for  propagation  in  budding  and  root  grafting. 
The  writer  inspected  the  stock  at  the  time  of  digging  in  a  number  of 
the  largest  seedling  nurseries  in  Kansas,  Nebraska,  Iowa,  and  Mis- 
souri. In  one  lot  of  300,000  apple  seedlings  examined,  sorted,  and 
and  counted  xmder  his  supervision,  less  than  one-half  of  1  per  cent 
was  diseased  with  crown-gall,  almost  entirely  of  the  soft  form,  and 
about  1  per  cent  with  hairy-root,  chiefly  of  the  simple  form.  This 
percentage  holds  good  for  all  of  the  nurseries  examined. 

In  nurseries  where  trees  are  propagated  by  budding  and  root  graft- 
ing, as  compared  with  seedling  nurseries,  there  is  a  much  greater  per- 
centage of  disease.  On  trees  grown  from  root  grafts  there  is  more 
disease  than  on  those  propagated  on  seedlings  by  budding.  The  rela- 
tive percentage  of  disease  of  each  form  found  on  budded  and  grafted 
trees  in  nursery  experiments  is  shown  on  pages  18  and  19. 
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DIFFEBENT  FOBMS  OF  THE  DISEASE.  13 

BSBCSIFTIOK  OF  THB  DIFFBBBNT  FOBJffS  OF  THB  DISBA8B  OK 

AFPLB  TBBB8. 

FORMS  OF  CBOWN-GALL. 

The  term  ''crown-gall"  as  used  in  this  buUetin  applies  to  the 
fleshy  outgrowths,  or  galls,  occurring  rarely  on  the  stems  and  fre- 
quently on  the  crown  and  the  roots  of  apple  trees.     It  is  applied  only 
to  those  galls  that  are  not  accompanied  by  an  excessive  formation  of 
either  roots  or  incipient  roots  and  are  not  caused  by  insects.    Two 
forms  have  been  recognized  by  the  writer — the  soft  and  the  hard  (19). 
S<>ft  crovmrgaU. — The  term  "soft  crown-gall"  has  been  applied  to 
the  form  most  frequently  found  on  young  seedling,  grafted,  and 
budded  apple  trees  (PI.  11,  figs.  1  and  2).    These  galls  consist  at  first 
of  a  soft,  succulent  growth  of  young  ceUs  thrust  out  from  the  cam- 
bial  layer  of  roots  or  shoots.    They  commonly  originate  in  wounds 
and  their  initial  growth  is  quite  similar  to  that  of  an  enlarged  callus 
(PL  Vin,  fig.  2),  which  they  resemble  in  form,  color,  and  structure. 
The  surface  of  the  galls,  owing  to  an  unequal  growth  of  the  elements 
in  the  tissues,  soon  becomes  coarsely  convoluted.    Curled  and  dis- 
torted masses  of  wood  cells  and  vessels  are  gradually  formed  through- 
out the  softer  tissues,  often  causing  the  galls  to  become  hard  and 
woody  in  the  interior.    At  first  the  color  of  the  surface  is  white,  but 
later  it  either  changes  to  the  color  of  the  adjacent  healthy  tissues  or 
becomes  brown  or  black  from  the  decay  of  the  surface  cells,  which  at 
no  time  are  protected  by  an  epidermis. 

In  size  these  galls  usually  vary  from  that  of  a  pea  to  that  of  a  man's 
fisty  but  in  exceptional  cases  they  may  grow  to  the  size  of  a  man's 
head.  They  do  not  develop  roots  from  their  surface,  and  under 
natural  conditions  in  the  nursery  they  generally  decay  at  the  end  of 
the  growing  season.  In  general  appearance  and  structure  they 
resemble  the  crown  gaUs  of  the  almond,  apricot,  blackberry,  cherry, 
chestnut,  grape,  peach,  pear,  plum,  raspberry,  rose,  and  walnut,  to 
which  they  are  related  (22). 

Hard  crcwTirgaU. — ^The  term  **hard  crown-gall"  has  been  applied 
to  the  form  occurring  more  frequently  on  older  trees  in  nurseries  and 
orchards  (PI.  II,  figs.  3,  4,  and  5).  The  earlier  growth  of  these  hard 
galls  is  similar  to  that  of  soft  crown  galls,  but  later  they  become  cov- 
ered with  bark  and  develop  a  woody  interior.  They  finally  have  a 
texture  intermediate  between  that  of  healthy  wood  and  that  of  soft 
crown  galls.  Roots  often  spring  from  their  tissues  and  they  thus 
develop  into  a  form  of  hairy-root  (see  p.  67).  Unlike  the  soft  gaUs, 
they  do  not  decay,  but  continue  their  growth  the  following  season. 
The  hard  gaUs  finally  attain  the  same  size  as  the  soft  galls,  but  are 
much  slower  in  their  development.  They  usually  have  a  more  finely 
convoluted  surface  and  are  of  the  same  color  as  the  adjacent  healthy 
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tissues.  During  eaoh  period  of  new  f^owth  the  bark  of  the  hanl 
galls  is  usually  ruptured,  only  to  be  re-formed  at  the  close  of  the 
growmg  season. 

FORMS  OF  HAIRY-ROOT. 

The  term  ''hairy-roof  as  used  in  this  bulletin  is  a  general  term 
applying  to  four  closely  related  forms  of  the  disease  occurring  on 
shoots  and  roots  of  apple  trees.  In  these  there  is  an  increased  and 
abnormal  production  of  either  roots  or  incipient  roots.  Four  forms 
have  been  recognized:  The  simple,  the  wooUy-knot,  the  broom-root, 
and  the  aerial. 

Simple  form. — The  term  "simple  hairy-root"  has  been  applied  to 
the  form  of  hairy-root  originally  described  by  Stewart,  Rolfs,  and 
Hall  (64)  (PI.  Ill,  fig.  1).  This  form  is  the  common  one  on  apple 
seedlings,  but  occurs  less  frequently  on  grafted  and  budded  apple 
trees  in  the  nursery  and  the  orchard.  It  consists  of  numerous  small 
roots  growing  out  at  nearly  right  angles,  either  singly  or  in  tufts,  from 
an  older  root  or  stem  (PI.  VI,  figs.  2,  3,  and  4).  This  root  formation 
takes  place  from  adventitious  buds  in  the  cambial  layer,  either  directly 
from  a  root  or  stem  or  from  swellings  thereon.  Such  roots  from  the 
first  are  more  succulent  than  normal  ones.  The  cells  of  the  par- 
enchyma are  hypertrophied  and  the  formation  of  wood  ceUs  is 
retarded.  On  exposure  to  air  such  roots  dry  up  and  become  hair- 
like  in  appearance. 

WooUy-lcnot  form. — ^A  second  form,  which  has  been  called  "wooUy- 
knot,"  is  infrequent  on  young  apple  seedlings,  but  common  on  older 
seedlings  and  on  grafted  and  budded  trees  in  nurseries  and  orchards. 
This  form  originates  as  follows:  A  smooth,  irregular  swelling 
develops,  usually  in  a  larger  root  near  the  surface  of  the  soil.  This 
projects  at  first  half  an  inch  or  so  from  the  surface  of  the  root.  Mean- 
while, in  the  interior  of  the  swelling  an  incipient  root  formation  takes 
place.  In  a  few  months  this  usually  develops  to  such  an  extent  that 
it  breaks  through  the  epidermis,  producing  a  warty  knot.  Under 
favorable  growing  conditions,  during  either  the  same  or  succeeding 
years,  there  is  thrown  out  from  each  root  center  on  the  surface  of  the 
knot  a  rapid-growing,  succulent  root,  which  resembles  hi  develop- 
ment and  structure  those  of  the  simple  form.  Many  roots  usually 
develop  from  a  single  knot.  These  are  often  fasciated,  and  through 
intricate  branching  develop  into  a  great  mass  of  fine  roots  (PI.  I, 
fig.  2).    This  form  may  develop  from  hard  crown-galls.     (See  p.  57.) 

Broom-root  form. — A  third  form  of  hairy-root  occurs  frequently  on 

budded  and  grafted  trees  in  nurseries  in  States  bordering  on  the 

Missouri  River.    It  consists  of  a  broom-like  formation  of  fine  roots, 

occurring  usually  at  the  end  of  a  side  root  which  otherwise  appears 
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feealthj  (PL  HI;  fig.  2).  Frequently  a  broom-root  springs  from  a 
XK>t  ^hich  has  its  origin  in  a  hard  crown-gall.  Broom-roots  resemble 
ihose  of  the  woolly-knot  in  structure,  and  they  develop  in  much  the 
rame  way,  except  that  they  do  not  originate  directly  in  swellings,  but 
levelop  by  the  excessive  branching  of  root  ends.  They  usually 
rrcfw  upward  from  their  point  of  origin  toward  the  surface  of  the  soil, 
in  contrast  with  normal  fibrous  roots,  which  grow  more  nearly 
parallel  to  the  surface. 

Serial  form. — ^A  fourth  form  of  hairy-root,  which  also  has  been 
Balled  ''stem  tumors''  (22),  occurs  on  the  trunks  and  limbs  of  apple 
trees,  more  commonly  on  older  trees  in  orchards.  This  form  con- 
sists at  first  of  smooth,  fleshy  swellings  (PI.  lY,  figs.  1,  2,  and  3)  in 
vrhich  the  cambial  layer  is  much  thickened.  These  swellings  are 
more  or  less  rounded,  but  are  often  irregular  in  outline,  vary  in  width 
Erom  half  an  inch  to  2  or  3  inches,  and  project  from  a  half  inch  to  an 
inch  beyond  the  surface  of  the  tree.  They  develop,  internally,  incip- 
ient adventitious  roots,  which  as  the  disease  progresses  break  forth, 
throwing  off  the  outer  bark  and  forming  a  warty  knot  (PI.  V,  fig.  1). 
Cuttings  containing  the  disease  in  its  earlier  stages  readily  throw  out 
roots  when  placed  in  moist  sand  or  soil  in  the  springtime,  developing 
directly  into  the  wooUy-knot  form  of  the  disease  (PI.  V,  fig.  2).  On 
orchard  trees  as  the  knot  grows  older  the  incipient  roots  in  the  center 
of  the  knot  die,  and  in  some  cases  new  ones  are  formed  in  the  adja- 
cent healthy  tissues,  increasing  the  diameter  of  the  knots  but  not 
their  projection. 

&EI«ATIONS  OF  THE  FOBMS  OF  THE  DISEASE  TO  EACH  OTHER. 
KELATION   OF   SOFT   CROWN-OALL   TO    HARD   CROWN-GALL. 

The  work  of  Smith  and  Townsend  (54)  in  discovering  and  demon- 
strating that  Bacterium  tumefaciens  is  the  cause  of  the  crown-galls  of 
the  Paris  daisy,  the  peach,  etc.,  and  the  work  of  Townsend  with  the 
same  or  a  similar  organism  from  the  galls  and  hairy-root  of  apple 
trees  indicate  that  all  of  the  forms  of  the  disease  may  be  caused  by 
the  same  species  of  bacterium  or  some  of  its  forms.* 

Since  the  soft  and  the  hard  forms  of  crown-gall  are  alike  in  their 
initial  development  and  since  the  latter  may  develop  from  the  former, 
the  two  thus  differing  only  in  the  final  form  and  in  duration,  it  follows 
that  they  both  may  be  due  to  the  same  cause.  It  may  be  that  in 
the  case  of  the  hard  form  the  apple  tree  partially  resists  the  organism 
causing  the  disease  by  healing  over  the  surface  of  the  galls  and  con- 
fining the  disease  to  limited  areas,  and  the  soft  form  may  be  a  more 
virulent  type  of  the  disease. 

o  See  also  Smith,  Erwin  F.,  Science,  n.  b.,  vol.  30,  no.  763,  August  13, 1909,  p.  223. 
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RELATION  OP  HAIRY-ROOT  TO   OROWN-GALL. 

Smith,  Townsend,  and  Brown  have  isolated  from  hairy-root  a 
terium  with  which  they  have  reproduced  the  disease  on  the  sugat 
beet  and  on  the  apple.  It  has  not  yet  been  proved  that  the  haixy^ 
root  forms  of  disease  may  be  produced  by  inoculation  of  apple  tj^eea 
with  Bacterium  tumefdcienSf  unless  the  two  organisms  Smithy  To^vm- 
send,  and  Brown  have  isolated  are  identical,  but  the  productioo.  of 
these  forms  is  not  morphologically  impossible.  In  the  orchard 
experiments  described  on  pages  38  and  57  it  was  noted  that  a  con- 
siderable number  of  the  trees  diseased  with  hard  crown-gall  deveIoj>ed 
hairy-root  from  the  galls. 

RELATIONS   OP  THE   PORMS    OP  HAIRY-ROOT  TO   EACH   OTHER- 


The  forms  of  hairy-root  are  closely  related  to  each  other,  the 
tial  feature  of  each  consisting  of  an  excessive  development  of  roots, 
evidently  the  result  of  the  same  sort  of  stimulus  acting  upon  dormant 
root  centers  or  buds  in  the  twigs  and  the  trunk  of  the  tree  in  the  case 
of  the  aerial  form,  upon  root  buds  on  the  main  roots  in  the  case  of  the 
simple  and  wooUy-loiot  forms,  and  upon  the  side  roots  in  the  case  of 
the  broom-root  form.  The  woolly-knot  form  is  directly  related  to 
the  hard  form  of  crown-gall  (see  p.  20). 

European  investigators  of  these  forms  of  disease  have  always  con- 
sidered the  crown-gall  (Wurzelkropf,  tuberculosis)  a  different  dis- 
ease from  the  aerial  tumors  or  the  aerial  form  of  hairy-root  (K]ropf- 
maser,  broussin).  As  the  identity  is  not  completely  established,  these 
forms  will  be  treated  separately  in  the  experimental  data  recorded, 
and  all  data  will  be  given  under  the  separate  forms  as  hairy-root  and 
crown-gall. 

DEVELOPMENT  OF  THE  FOBMS  OF  THE  DISEASE. 
NO  DEVELOPMENT  OF  THE  DISEASE  ON  SEEDLINGS  WITHOUT  WOUNDS. 

(rreenhouse  experiments  with  uninjured  seedlings. — In  experiments 
conducted  in  pots  and  beds  in  the  greenhouse  with  uninjured  seed- 
lings grown  directly  from  seed  (see  p.  77),  102  apple  seedlings  kept 
free  from  wounds  remained  healthy,  showing  no  traces  of  crown-gall 
or  hairy-root.  Of  48  apple  seedlings  grown  under  similar  conditions, 
except  that  the  surface  layers  of  soil  were  mixed  with  finely  chopped 
pieces  of  living  hard  and  soft  apple  galls  after  the  seed  had  germinated, 
none  became  diseased. 

Oreenhouse  experiments  with  wounded  seedlings. — ^In  connection 
with  the  experiments  mentioned  in  the  preceding  paragraph,  98  apple 
seedlings  were  grown  under  the  same  conditions  as  the  first  lot,  with- 
out soil  inoculation.     When  they  were  2  months  old  each  was 
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nrounded  on  the  root  just  below  the  surface  of  the  soil  with  a  sterile 
knife.      In  each  case  the   cut  extended  upward  and  through  the 
cambial  layer.     The  blade  of  the  knife  was  sterilized  in  a  1-to-lyOOO 
solution  of  mercuric  chlorid  before  each  cut  was  made.     Four  seed- 
lings became  diseased  with  small,  hard  galls,  which  formed  from  out- 
growths from  the  cambial  layer  on  the  upper  edge  of  the  wound.     All 
other  i^ounds  healed  normally.     No  formation  of  hairy-root  occurred. 
Nursery  experiments  with  young  seedlings. — ^In  the  nursery  it  is 
quite  impossible  to  grow  seedlings  entirely  free  from  injuries.     To 
ascertain  to  what  extent  wounds  favor  the  development  of  crown- 
gaU   and  hairy-root,  100  consecutive  trees  in  a  nursery  row  were 
wounded  by  a  knife  cut  in  the  cambial  layer,  just  below  the  surface 
of  the  soil.     These  trees  were  about  2  months  old  when  wounded. 
For  a  control,  the  same  number  of  consecutive  trees  in  an  adjacent 
row  were  selected,  in  which  no  wounds  were  made.    At  the  end  of 
the  growing  season  the  trees  in  both  rows  were  dug.     Of  the  wounded 
trees,  3  died.     Of  the  remaining  wounded  trees,  8  were  diseased  with 
soft  crown-gall,  2  with  the  simple  form  of  hairy-root,  and  2  with  the 
woolly-knot  form.     Of  the  control  trees,  1  was  diseased  with  soft 
crown-gall  and  2  with  the  simple  form  of  hairy-root.     Thus,  four 
times  as  many  wounded  as  unwounded  trees  became  diseased. 

The  percentage  of  diseased  trees  in  apple-seedling  nurseries  is 
usually  small.  In  exceptional  cases  only  is  it  considerable,  no  doubt 
due  to  injuries  received  by  the  young  trees  during  the  first  two  or 
three  months  of  their  growth.  This  is  certainly  true  in  the  case  of 
the  development  of  crown-gall,  and  may  apply  also  in  that  of  hairy- 
root. 

In  order  to  ascertain  the  relation  of  wounds  to  the  various  forma 
of  crown-^all  and  hairy-root,  300  diseased  yearling  apple  seedlings 
were  selected,  as  follows:  100  with  soft  crown-gall,  50  with  hard 
crown-gall,  100  with  the  simple  form  of  hairy-root,  and  50  with  the 
woolly-knot  form  of  hairy-root.  These  were  dissected  to  ascertain 
the  presence  of  wounds  in  the  roots  at  the  time  that  the  disease 
attacked  the  seedlings.  Such  injuries  are  indicated  by  the  presence 
of  a  small  discolored  rift,  showing  a  break  in  the  tissues  near  the 
heart  of  the  tree  beneath  .the  outgrowth  of  the  diseased  portion. 
Certain  indications  of  wounds  were  found  under  90  of  the  soft  galls, 
47  of  the  hard  galls,  and  22  of  the  woolly-knots.  In  the  case  of  most 
of  the  trees  diseased  with  simple  hairy-root,  there  were  discolored 
areas  which  were  not  considered  rifts  or  breaks  in  the  tissues.  On 
the  whole,  there  was  decided  proof  that  tl^first  three  forms  just 
named  are  quite  closely  connected  with  injuries  to  the  young  roots. 
Nursery  experimerUs  with  older  seedlings. — In  a  field  experiment  at 
Louisiana,  Mo.,  350  apple  seedlings  were  transplanted  axid  grown 
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under  ordinary  nursery  conditions.  One-half  of  the  trees,  takin 
alternate  trees  in  each  row,  were  dug  at  the  end  of  one  year  aftd 
transplanting,  and  the  remaining  trees  at  the  end  of  two  years.  Ii 
transplanting,  the  taproot  of  each  seedling  was  cut  off.  Table  I,  ii 
the  appendix  to  this  bulletin,  gives  the  results  of  the  experiment. 

Twenty  trees  died  from  the  effects  of  transplanting.  It  will  be 
noted  in  Table  I  that  there  was  an  increase  of  crown-gall  ainouiiti]]| 
to  0.8  per  cent  the  first  year  and  0.1  per  cent  the  second  year  aftei 
transplanting.  At  the  same  time  there  was  an  increase  of  8.6  pei 
cent  of  hairy-root  the  first  year,  and  a  decrease  of  2.3  per  cent  th^ 
second  year. 

No  experiment  was  made  with  seedlings  grown  from  seed  in  which 
the  trees  were  allowed  to  grow  in  the  original  place  of  planting  for 
longer  than  a  year.  Nurserymen  assert  that  there  is  little  or  no 
increase  of  disease  after  the  first  year,  and  that  where  seedling  trees 
have  been  pulled  with  a  tree  puller  at  the  age  of  10  years  in  the 
seedling  nursery  there  is  no  greater  percentage  of  disease  present 
than  during  the  first  year. 

RELATIVE    DEVELOPMENT    OF    THE    DISEASE    ON    BUDDED    AND     ROOT- 
GRAFTED  TREES   IN  THE   NURSERY. 

Development  on  ivdded  trees. — In  the  propagation  of  varieties  of 
apple  trees  by  budding,  seedlings  at  the  age  of  1  year  are  tipped; 
that  is,  the  taproot  is  cut  off.  Then  they  are  planted  in  rows  in  the 
nursery.  These  are  budded  the  following  summer.  The  slit  in  the 
bark  where  the  bud  is  inserted  is  just  above  the  surface  of  the  soil 
Crown-gall  of  both  forms  usually  develops,  if  at  all,  at  the  two  points 
where  wounds  are  made,  i.  e.,  at  the  place  where  the  bud  was 
inserted  and  at  the  tip  of  the  root.  As  a  rule,  much  less  crown-gall 
develops  on  trees  propagated  by  budding  than  on  those  propagated 
by  root  grafting.  Hairy-root  develops  more  frequently  than  crown- 
gall  on  budded  apple  trees.  The  simple  and  the  woolly-knot  forms 
are  common,  the  former  developing  on  portions  of  the  root  below 
the  surface  of  the  ground  and  the  latter  at  or  near  the  surface,  often 
from  the  region  of  the  wound  made  in  budding. 

Development  on  root-grafted  trees. — In  the  propagation  of  apple 
trees  by  root  grafting,  whether  by  whole  root  or  piece  root,  more 
extensive  wounds  are  necessarily  made  than  are  usual  in  budding. 
Wounds  occur  at  the  point  of  union  where  the  scion  piece  is  spliced 
to  the  root  piece — at  the  lower  end  of  the  scion  piece  and  at  the  upper 
and  lower  ends  of  the  root  piece. 

Crown-gall,  both  soft  and  hard,  like  callus,  develops  usually  at  two 
points  in  the  root  graft — the  lower  end  or  tip  of  the  scion  piece  (PL 
VT,  figs,  1  and  6)  and  the  lower  end  of  the  root  piece.    More  than  90 
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tor  cent  of  the  galls  ordinarily  develop  at  the  former  point.  An  ex- 
eption  occurs  with  some  varieties,  like  the  Wealthy,  which  are  sus- 
ep table  to  the  hard  form  of  crown-gall  and  wooUy-knot.  Such  varie- 
ies  often  develop  the  disease  from  the  scion  above  the  union  (PI.  II, 
«.  3). 

It  ^was  found  in  experiments  where  the  seedlings  used  for  root  graf  t- 
ag  ^w^re  carefully  selected  and  only  smooth  roots  used  that  hairy-root 
if  the  simple  form  was  nearly  eliminated.  Such  was  not  the  case 
^th.  the  woolly-knot  form. 

It  is  asserted  by  practically  all  of  the  nurserymen  from  whom  data 
lave  been  collected,  and  the  list  includes  nearly  all  of  the  large  grow- 
irs  of  apples  in  the  United  States,  that  apple  trees  propagated  by 
ludding  yearling  transplanted  seedlings  are  as  a  rule  much  freer  from 
>oth.  crown-gall  and  hairy-root  than  root-grafted  trees. 

R€i>orts  have  been  received  from  a  number  of  nurseries  giving  the 
lumber  of  diseased  trees  among  budded  and  root-grafted  trees  grown 
mder  similar  conditions.  These  are  combined  and  given  in  Table  II, 
n  the  appendix. 

From  Table  II  it  will  be  noted  that  there  is  a  decrease  of  3  to 
19  per  cent  of  disease  on  budded  trees  as  compared  with  root-grafted 
trees.  This  is  representative  of  the  reports  received.  Two  exceptions 
act  given  in  the  table  must  be  mentioned:  One  occurred  in  Utah,  the 
3ther  in  Virginia.  In  these  two  instances  budded  trees  were  reported 
badly  diseased  with  crown-gall. 

Under  the  conditions  that  generally  prevail  in  the  Central  and 
possibly  in  the  Eastern  States,  propagation  by  budding  is  advised  at 
least  in  the  case  of  varieties  susceptible  to  crown-gall  and  woolly-knot. 
Owing  to  the  fact  that  it  takes  one  season  longer  to  propagate  an  apple 
tree  by  budding  than  by  root  grafting,  it  will  be  more  profitable  to 
use  the  latter  method  of  propagation  in  such  States  as  California, 
where  an  apple  tree  is  easily  grown  for  market  from  root  grafts  in  one 
season. 

RELATIVE  DEVELOPMENT  OF  EACH  FORM  OF  THE  DISEASE  IN  THE 

NURSERY. 

Devdopment  on  root-grafted  trees, — In  all  of  the  larger  nursery 
experiments  records  were  kept  of  the  number  of  apple  trees  diseased 
with  each  form  of  crown-gall  and  hairy-root.  In  the  set  of  experi- 
ments conducted  on  cooperative  plats  1  to  8  (see  p.  78),  50,472 
trees  were  grown  from  root  grafts  made  from  healthy  scions  and 
seedlings.  Of  these  trees,  77.2  per  cent  was  healthy,  while  0.6  per  cent 
was  diseased  with  the  soft  form  and  13.3  per  cent  with  the  hard  form 
of  crown-gall;  with  2.6  per  cent  diseased  with  the  simple  form,  3.5 
per  cent  with  the  woolly -knot  form,  and  2.8  per  cent  with  the  broom- 
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root  form  of  hairy-root.  This  result  is  considered  representatiye  i 
the  relative  proportion  of  each  form  of  the  disease  occurring  upt 
1;  2,  and  3  year  old  trees  in  the  Mississippi  Valley  during  1905, 1911 
and  1907. 

Development  on  budded  trees, — No  experiments  were  conducted  < 
budded  trees  in  the  nursery.  Observation  made  at  the  time  of  dj 
ging  indicated  that  although  budded  trees  develop  much  less  cron 
gall  than  root-grafted  trees,  there  is  often  a  considerable  devekj 
ment  of  the  forms  of  hairy-root.  This  may  in  part  be  due  to  ll 
poor  grade  of  seedlings  which  are  often  planted  for  the  purpose* 
budding.  i 

! 
RELATIVE    DEVELOPMENT    OF    EACH    FORM    OP    THE    DISEASE    IX  tj 

ORCHARD. 

Four  orchards  were  planted  and  studied  during  the  present  mw 
tigation.  In  addition,  observations  were  made  of  the  trees  in 
number  of  orchards  grown  by  others.  The  trees  in  experimenl 
orchards  1  and  2  (for  conditions  of  experiment  see  pp.  38  and  57 1 
the  appendix)  were  dug  at  the  close  of  the  period  of  investigatk 
at  which  time  they  were  8  years  old.  Notes  were  taken  on  theca 
dition  of  the  roots  of  each  tree  in  these  orchards  when  it  was  plan! 
in  the  orchard  and  again  at  the  time  of  digging.  Out  of  234  ap| 
trees  that  were  healthy  when  transplanted  into  the  orchards,  153, 
65.4  per  cent,  remained  healthy;  23,  or  9.8  per  cent,  died;  ll,or^ 
per  cent,  developed  traces  of  the  hard  form  of  crown-gall;  and  i 
or  20.1  per  cent,  showed  traces  of  the  woolly-knot  and  aerial  foB 
of  hairy-root.  Out  of  235  apple  trees  diseased  with  crowxi-gaD! 
the  time  of  transplanting  to  the  orchards,  73,  or  31.1  per  eel 
entirely  recovered  from  the  disease;  30,  or  12.8  per  cent,  died;  i 
or  26.8  per  cent,  were  diseased  with  the  hard  form  of  crown-gi 
and  69,  or  29.3  per  cent,  developed  the  woolly-knot  form  of  haii 
root,  chiefly  from  tlie  surface  of  former  hard  galls. 

The  results  of  the  experiment,  briefly  stated  in  another  form,  i 
these:  Traces  of  the  hard  form  of  crown-gall  developed  on  4.7  p 
cent  of  the  healtliy  trees,  but  none  of  the  soft  form  was  foiffl 
Traces  of  hairy-root,  chiefly  of  the  woolly-knot  form,  developed  < 
20.1  i)er  cent  of  the  healthy  trees.  Nearly  a  third  of  the  trees  (31 
per  cent)  diseased  with  tlie  hard  form  of  crown-gall  recovered;  i 
most  another  third  (29.3  per  cent)  developed  the  woolly-knot  fal 
of  hairy-root  from  the  hard  form  of  crowTi-gall;  and  the  remaini 
trees  (31.1  per  cent)  were  still  diseased  with  the  hard  form  of  crow 
gall,  which  had  not  developed  as  rapidly  as  the  growth  of  the  tr« 

Orchard  1  contained  both  budded  and  root-grafted  trees.  Fa 
rows  of  liealthy  trees  grown  by  budding  were  planted  near  four  roi 
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'  healthy  trees  of  the  same  varieties  grown  by  root  grafting.  Of 
^  budded  trees  planted,  5  became  diseased;  all  with  traces  of  the 
oolly-knot  form  of  hairy-root.  Of  31  grafted  trees,  3  became  dis- 
ced with  traces  of  woolly-knot  and  1  with  the  hard  form  of  crown- 
dl. 

In  the  results  of  these  and  other  experiments  in  orchards  3  and  4, 
le  following  facts  are  prominent:  That  of  the  healthy  trees  trans- 
lanted,  about  the  same  proportion  became  diseased  as  is  usual 
L  the  nursery,  but  only  with  traces  of  the  disease,  consisting  mainly 
i  hard  crown-gall  and  woolly -knot;  that  nearly  a  third  of  the  trees 
iseased  with  the  hard  form  of  crown-gall  recovered;  that  the  soft 
•rm  of  crown-gall  may.  develop  into  the  hard  form;  and  that  the 
fcrd  form  of  crown-gall  in  many  instances  developed  into  the  wooUy- 
ftot  form  of  hairv-root. 

STUDY   OF   NURSERY   METHODS   IN    ROOT   GRAFTING   AS  RELATED   TO 

THE   DEVELOPMENT   OF  THE   DISEASE. 

Th^  sligJU  effect  of  varying  the  depth  of  planting  the  union  in  root 
rc^. — ^The  effect  of  deep  planting  upon  gall  and  hairy-root  forma- 
ion  has  been  a  matter  of  much  discussion  among  nurserymen  and 
thers.  Howard  (24)  concludes  from  experiments  ''that  the  gall 
levelops  least  where  the  root  is  long,  thus  causing  the  point  of  union 
between  the  scion  and  stock  to  be  near  the  surface  of  the  ground, 
ilspecially  is  this  true  of  clay  soik" 

A  number  of  wholsesale  nurserymen  growing  apple  trees  on  a  large 
cale  assert  that  Uttle  benefit  is  gained  by  using  short  scions  and  long 
Oots,  and  that  a  happy  medium  of  length  between  the  two  is  best. 
i  a  long  scion  is  used,  placing  the  union  too  deep  in  the  soil,  and  at 
he  same  time  using  a  short  root  piece,  a  poorer  stand  of  trees  and  a 
lower  growth  takes  place  as  compared  with  trees  grown  from  equally 
long  scions  and  root  pieces  or  from  short  scions  and  long  root  pieces. 

In  order  to  test  the  influence  of  the  depth  of  planting  the  union 
3f  grafts  upon  the  occurrence  of  disease,  two  experiments  were  con- 
iucted  in  independent  plat  1  (see  pp.  77-78).  In  the  first  experiment 
f^t  grafts  were  made  with  scions  6i  inches  and  roots  3i  inches  in 
length,  and  these  were  planted  with  the  union  6  inches  beneath  the 
'orface  of  the  soil.  An  equal  number  of  grafts  of  each  variety  were 
Dttftde  with  the  scions  3i  inches  and  the  roots  6i  inches  long  and  planted 
*ith  the  union  2^  inches  below  the  surface  of  the  soil.  Sixty-four 
Varieties  of  trees  were  used.  Scions  and  roots  from  the  same  lot  were 
^d  by  the  same  workmen  for  making  up  each  variety.  They  were 
planted  in  1905.  One-half  of  the  trees  were  dug  that  year,  taking 
©very  alternate  tree,  and  the  remainder  in  1906,  at  the  ages  of  1  and 
2  years,  respectively,  with  the  results  shown  in  Table  III,  in  the 
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appendix^  in  which  all  forms  of  diseasei  both  crown-gall  and  haiij- 
root,  are  combined.  A  lai^e  increase  of  hairy-root,  but  not  of  crown- 
gall,  was  noted  the  second  year. 

The  second  experiment  was  made  with  five  varieties.  Northwestern 
Greening,  Grimes,  Duchess,  Walbridge,  and  Ben  Davis,  grafted  od 
seedling  roots  of  the  same  stock.  The  same  number  of  grafts  of  each 
variety  was  made  in  two  equal  sets,  one  with  scions  6  inches  and 
piece  roots  4  inches  in  length,  the  other  with  scions  4  inches  and  roots 
6  inches  in  length.  The  former  were  planted  with  the  union  5  inchee 
below  the  surface  of  the  ground,  and  the  latter  with  the  union  3  inches 
below  the  surface.  An  equal  number  of  each  set  and  of  each  varietj 
were  planted  in  cooperative  plats  1  to  8  (see  p.  78).  A  definite 
proportion  of  the  trees,  selected  in  a  numerical  series  in  the  rows,  wbs 
dug  each  year  for  three  years,  at  the  ages  of  1,2,  and  3  years,  respec- 
tively. The  results  are  shown  in  Table  IV,  in  the  appendix,  in  which 
the  number  of  tree^and  the  percentage  diseased  with  crown-gall  and 
hairy-root  are  given. 

From  the  results  of  these  two  experiments  (see  Tables  HI  and  IV) 
it  will  be  noted  that  there  was  an  actual  increase  of  the  disease  in  the 
case  of  the  shallower  planting  of  the  union,  in  the  first  experiment 
amounting  to  6.5  per  cent  and  in  the  second  to  fi.5  per  cent.  The 
greatest  development  of  crown-gall  took  place  the  first  year  and  of 
hairy-root  the  first  and  second  years.  If  the  results  of  the  two 
experiments  be  combined  by  adding  the  number  of  healthy  and 
diseased  trees  in  each,  the  result  is  19.2  per  cent  of  diseased  trees 
where  the  union  was  planted  deeper  and  22.2  per  cent  where  planted 
shallower,  or  a  difference  of  3  per  cent  in  favor  of  the  deeper  planting 
of  the  union.  This,  however,  is  much  more  than  offset  and  the 
practical  results  of  the  experiment  are  reversed  by  the  fact  that  13i 
per  cent  more  trees  were  raised  when  planted  shallowly  than  when 
planted  deeply,  or,  in  other  words,  there  was  a  gain  of  10.2  per  cent 
by  planting  the  union  2}  to  3  inches  below  the  surface  of  the  soU  as 
compared  with  planting  it  5  to  6  inches  deep. 

The  slight  effect  from  using  different  portions  of  seedling  roots  in  root 
grafting. — In  making  piece-root  grafts  the  root  of  the  seedling  tree  is 
cut  into  two  or  more  pieces.  The  opinion  has  been  expressed  by 
nurserymen  that  when  the  upper  or  collar  piece  of  the  seedling  root 
is  joined  to  a  scion  in  a  root  graft  there  will  be  a  greater  prevalence 
of  disease  than  when  the  lower  or  middle  piece  is  used.  In  order  to 
test  this  assumption  a  series  of  experiments  was  conducted  in  which 
equal  numbers  of  grafts  were  made  on  the  collar  or  upper  pieces  of 
the  seedling  roots  and  on  the  tip  or  lower  pieces  of  the  roots.  Scions 
from  five  varieties  of  apples — Northwestern  Greening,  Walbridge, 
Grimes,  Duchess,  and  Ben  Davis — ^were  used.    These  were  grown  in 
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equal  numbers  in  cooperative  plats  1  to  8  (see  p.  78).  A  definite 
proportion  of  these  trees,  selected  in  a  numerical  series,^  was  dug  for 
e&eli  of  three  successive  years — 1905,  1906,  and  1907 — at  the  ages  of 
1,2,  and  3  years,  respectively.  The  combined  results  from  the  eight 
pl&ts  are  given  in  Table  V,  in  the  appendix. 

The  results  of  the  experiments  show  an  increase  of  hairy-root  on 
trees  grown  from  grafts  made  on  the  upper  pieces  of  seedling  roots. 
Tliis  is  the  portion  of  the  seedling  root  that  is  most  susceptible  to 
the  simple  form.  This  increase  of  disease,  3.6  per  cent,  was  more 
than  offset  by  the  greater  stand  of  trees  resulting  from  the  use  of  the 
upper  piece  root,  since  an  increase  of  408  trees,  or  15.9  per  cent. 
Was  obtained.  For  practical  purposes,  then,  the  upper  portion  of 
the  seedling  root  grows  the  greater  number  of  healthy  trees,  in  spite 
of  the  slight  increase  of  disease.  The  tip  pieces  are  smaller  than  the 
collar  pieces,  and  root  grafts  made  from  them,  being  smaller,  do 
not  grow  as  vigorously  as  those  made  from  collar  pieces. 

Increased  development  of  the  disease  due  to  the  use  of  seedlings  dis- 
eased with  hairy-root  in  maJcing  root  grafts. — Two  sets  of  experiments 
were  conducted  to  determine  to  what  extent  the  use  of  seedlings 
diseased  with  crown-gall  and  hairy-root  would  increase  the  develop- 
ment of  the  disease  in  root-grafted  trees  in  the  nursery. 

Two  series  of  eight  experiments  were  conducted  on  cooperative 
plats  1  to  8.  About  three  thousand  apple  seedlings  diseased  with 
the  simple  form  of  hairy-root  (PL  IX,  fig.  2,  Nos.  G  and  i?),  but 
entirely  free  from  galls,  were  selected  for  these  experiments.  Whip 
or  tongue  grafts  were  made,  all  of  the  pieces  of  the  roots  from  these 
diseased  seedlings  being  used.  Some  of  these  pieces  from  the  root 
tips  were  apparently  healthy.  All  of  the  pieces  from  the  upper  or 
collar  pieces  were  diseased  with  hairy-root.  As  a  control,  an  equal 
number  of  root  grafts  were  similarly  made  on  roots  from  healthy 
seedlings  of  the  same  diameter  as  the  hairy-rooted  seedlings  selected 
from  the  same  stock.  These  two  sets  of  root  grafts  were  made 
with  scions  from  the  following  varieties  of  apple:  Fameuse,  Scott 
Winter,  Wolf  River,  Jonathan,  and  Salome.  A  definite  proportion 
of  the  trees  grown  from  these  root  grafts  was  selected  in  a  numerical 
series  and  dug  at  the  ages  of  1,  2,  and  3  years.  The  results  of  the 
experiment  are  summarized  in  Table  VI,  in  the  appendix. 

A  second  and  smaller  series  of  eight  experiments  was  prepared 
and  conducted  the  same  as  the  first  set,  except  that  scions  were 
used  from  the  Yellow  Belleflower  apple.  Two  equal  sets  of  grafts 
were  prepared  from  the  same  stock  of  seedlings,  one  set  made  on 

a  In  this  bulletin  the  term  '*  numerical  series"  means  the  selection  of  trees  in 
Beqoencei  as  every  second  tree,  every  third  tree,  etc.,  depending  on  whether  one- 
half,  one- third,  etc.,  of  the  trees  were  dug  each  year. 
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piece  roots  from  seedlings  with  smooth  roots  and  one  on  piece  roots 
from  seedlings  with  hairy  roots  of  the  simple  form.    These  were 
grown  also  in  cooperative  plats  1  to  8.     Table  VII,  in  the  appendix, 
gives  the  combined  results  of  the  experiments. 
These  experiments  yielded  three  positive  results: 

(1)  The  use  of  root  pieces  from  hairy-rooted  seedlings  did  not 
increase  the  amount  of  crown-gall,  since  in  the  two  sets  of  experi- 
ments 7.3  and  2.6  per  cent  of  cro¥m-gall  developed  on  trees  grown 
from  hairy-root  pieces,  as  compared  with  12.6  and  7.3  per  cent, 
respectively,  on  trees  grown  from  smooth-root  pieces. 

(2)  A  greatly  increased  stand  of  trees  resulted  from  the  use  of 
hairy-root  pieces,  since  4,956  trees  were  grown  from  grafts  made  on 
such  pieces,  as  compared  with  3,802  grown  from  the  same  number 
of  grafts  made  with  smooth-root  pieces,  an  increase  of  30.4  per  cent. 

(3)  The  use  of  hairy-root  pieces  resulted  in  an  increased  number 
of  trees  diseased  with  hairy-root,  since  77  and  83.7  per  cent  of  the 
trees  grown  from  grafts  made  with  such  pieces  were  diseased  with 
hairy-root  as  compared  with  10.2  and  8.9  per  cent  from  grafts  made 
with  smooth-root  pieces. 

The  reason  for  the  increased  stand  of  trees  from  the  root  grafts  on 
hairy-root  pieces  is  as  follows:  Since  the  season  was  dry  and  unfa- 
vorable for  the  rooting  of  the  grafts  at  the  time  of  planting  in  the 
first  experiments,  the  hairy-root  grafts  rooted  more  readily,  and,  as  a 
results,  fewer  of  them  died  and  an  increased  stand  resulted.  The 
results  of  the  following  experiments  are  given  in  proof  of  this  state- 
ment. It  was  found  by  a  small  experiment  with  cuttings  from  seed- 
lings diseased  with  simple  hairy-root  that  25  per  cent  of  such  cut- 
tings rooted  (PL  VII,  fig.  1)  and  became  trees  in  a  bed  in  the  green- 
house, whereas  only  5  per  cent  of  cuttings  taken  from  smooth  seed- 
lings of  the  same  lot  and  planted  in  the  same  bed  with  the  former 
cuttings  took  root,  and  then  feebly.  This  experiment  was  made 
with  100  cuttings  of  each  kind  on  an  ordinary  greenhouse  bench 
with  8  inches  of  soil,  without  bottom  heat. 

The  trees  grown  from  the  diflFerent  varieties  of  apples  grafted  on 
the  hairy-root  seedlings  behaved  diflFerently  in  their  root  formation. 
Those  varieties  which  rooted  readily  from  the  scion  or  stock — for 
example,  the  Fameuse  and  the  Salome — ^sent  out  smooth  roots, 
with  very  few  exceptions,  above  the  hairy-root  piece  (PL  VII,  fig.  3). 
Such  trees  very  often  formed  a  well-balanced  root  system  from  the 
stock,  and  there  followed  the  second  j^ear  an  atrophy  of  the  hairy-root 
pieces,  which  did  not  injure  the  tree.  In  the  case  of  varieties  that 
did  not  root  readily  from  the  scion — ^for  example,  the  Jonathan  and 
the  Scott  Winter — most  of  the  roots  were  poorly  balanced  and  sprang 
from  near  the  union  (PL  VII,  fig.  4).     On  the  whole,  nearly  two- 
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^liiixis  of  the  trees  grown  on  the  hairy-root  pieces  would  be  graded 
IS  culls,  especially  those  grown  from  the  Jonathan,  the  Scott  Winter, 
m  I  the  Wolf  River  varieties,  and  the  use  of  such  seedlings  for  grafting 
niist  be  condemned,  the  same  as  those  diseased  with  crown-gall. 

In  these  experiments  a  careful  count  was  made  by  the  writer  of 
lie  number  of  trees  diseased  with  each  form  of  crown-gall  and  hairy- 
•oot-  In  the  first  series  of  experiments,  of  the  3,976  trees  grown  from 
^afts  made  from  seedlings  diseased  with  hairy-root  of  the  simple 
orm,  0.5  per  cent  was  diseased  with  the  soft  form  and  6.8  per  cent 
nritli  the  hard  form  of  crown-gall,  while  69.1  per  cent  was  diseased 
Ndth.  the  simple  form,  5.2  per  cent  with  the  woolly-knot  form,  and  2.8 
per  cent  with  the  broom-root  form  of  hairy-root.  Of  the  2,864  trees 
p-own  from  grafts  made  from  seedlings  with  smooth  roots,  0.7  per 
^ent  was  diseased  with  the  soft  form  and  11.9  per  cent  with  the  hard 
Form  of  crown-gall;  and  2.8  per  cent  was  diseased  with  the  simple 
Form,  4.1  per  cent  with  the  woolly-knot  form,  and  3.3  per  cent  with 
the  broom-root  form  of  hairy-root. 

Increased  development  of  the  disease  due  to  the  use  of  seedlings  diseased 
with  crownr^aU  in  maTcing  root  grafts, — In  connection  with  the  previous 
set  of  experiments  (see  Table  VII,  in  the  appendix),  in  addition  to 
the  two  sets  of  root  grafts  prepared  for  that  experiment,  a  third  set 
was  prepared  in  which  the  same  stock  of  scions  on  root  pieces  cut 
from  seedlings  diseased  with  the  soft  form  of  crown-gall  was  used. 
Care  was  taken  in  each  case  to  cut  away  the  portion  of  the  root  con- 
taining the  origin  of  the  gall,  so  as  to  use  the  apparently  healthy 
pK>rtions  of  the  roots.  These  root  grafts  were  made,  planted,  and 
grown  with  those  in  the  previous  experiment,  the  same  set  of  root 
grafts  being  used  for  a  control.  The  results  of  the  experiment  are 
given  in  Table  VIII,  in  the  appendix. 

The  results  of  this  experiment  prove  that  the  use  in  making  root 
grafts  of  apparently  healthy  root  pieces  from  seedlings  diseased  with 
soft  crown-gall  increases  the  amount  of  the  disease,  the  increase  in 
this  case  amounting  on  an  average  to  12.9  percent  of  crown-gall  and 
2.3  per  cent  of  hairy-root  or  a  total  of  15.2  per  cent. 

In  some  nurseries  workmen  do  not  always  discard  seedlings  diseased 
with  crown-gall,  but  cut  away  the  galls  and  use  the  remaining  portion 
of  the  root,  as  was  done  in  the  experiment  just  given.  Such  a  prac- 
tice must  be  condemned,  since  it  increases  considerably  the  develop- 
ment of  the  disease  in  root-grafted  trees. 

The  slight  effect  of  using  for  root  grafts  scions  from  younger  and  older 
trees. — ^An  experiment  was  conducted  to  determine  the  effect  on 
the  development  of  crown-gall  and  hairy-root  of  grafts  made  with 
scions  taken  from  fruiting  orchard  trees  as  compared  with  those 
made  with  scions  taken  from  yearling  trees  in  the  nursery.     Two 
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sets  of  grafts  were  made  on  the  same  lot  of  seedling  roots — one  from 
scions  selected  from  orchard  trees  12  years  old,  the  other  from  year- 
ling nursery  stock  of  the  Northwestern  Greening  variety.  The» 
were  grown  in  cooperative  plats  1  to  8.  Table  IX,  in  the  appendix, 
gives  the  results  as  tabulated  each  year  for  three  years,  a  definite 
proportion  of  the  trees  being  dug  each  year  at  the  ages  of  1,  2,  and  3 
years,  the  trees  being  selected  in  a  fixed  numerical  series  in  the  row. 

It  will  be  seen  from  Table  IX  that  there  was  an  increase  of  2.4  per 
cent  of  crown-gall  and  of  3.1  per  cent  of  hairy-root  in  the  case  of 
trees  grown  from  scions  taken  from  rapidly  growing  y^earling  trees  in 
the  nursery  as  compared  with  trees  grown  from  scions  of  harder  wood 
taken  from  fruiting  orchard  trees.  The  difference,  however,  is  more 
than  counterbalanced  by  the  increased  stand  of  trees,  7.8  per  cent, 
obtained  from  the  scions  fix)m  yearling  trees.  It  must  be  concluded 
that  the  difference,  though  small,  is  not  in  favor  of  the  use  of  scions 
with  softer  wood  from  young  and  rapidly  growing  trees. 

No  effect  from  leaving  a  hud  n€ar  the  lou^er  end  of  (he  scion  in  maling 
root  grafts. — It  has  been  asserted  by  some  of  the  older  workers  in 
nurseries  that  the  increased  amount  of  crown-gall  on  the  union  at 
the  point  or  lower  end  of  the  scion  is  due  to  cutting  the  scions  so 
that  a  bud  is  left  near  the  lower  end.  This  matter  was  tested  in  an 
experiment,  with  the  result  that  the  assertion  was  found  to  be 
without  facts  to  support  it. 

In  this  experiment  scions  from  the  variety  Jonathan  were  cut  in 
two  ways:  One  set  was  made  without  a  bud  at  the  lower  end  of  the 
scion,  another  equal  set  with  a  bud  in  close  proximity  to  it.  These 
were  grafted  on  healthy  seedling  roots  of  the  same  lot  and  planted  in 
ordinary  soil  in  independent  plat  1  (see  p.  77).  Two  lots  of  one  hun- 
dred root  grafts  of  each  kind  were  planted.  Of  the  trees  grown  from 
grafts  with  buds  on  the  lower  ends  of  the  scions,  19.2  per  cent  were 
diseased,  and  of  the  trees  grown  from  those  without  buds,  21.1  per 
cent  were  diseased,  showing  positively  that  the  bud  has  no  direct 
influence  in  increasing  the  amount  of  disease. 

Experiments  comparing  American  and  foreign-grown  apple  sel- 
lings.— There  exists  in  many  localities  the  opinion  that  seedlings 
grown  from  foreign  seed  are  less  apt  to  develop  crown-gall  and  hairy-  i 
root  than  those  grown  from  American  seed.  To  test  this  theory,  two  j 
equally  large  sets  of  grafts  were  prepared,  scions  from  the  following 
varieties  of  trees  being  used:  Maiden  Blush,  Winesap,  Baldwin, 
Yellow  Transparent,  and  Missouri.  One  set  was  grafted  on  seedlings 
grown  from  apple  seed  imported  from  France,  the  other  on  seedlings 
of  the  same  grade  grown  in  the  same  field  from  American  apple  seed. 
The  grafts  were  divided  into  eight  equal  lots  and  planted  in  coopera- 
tive plats  1  to  8.    A  definite  proportion  of  the  trees,  selected  in  a 

186 


DEVELOPMENT  OF  FORMS  OF  THE  DISEASE.  27 

Duxnerical  series,  was  dug  each  year  for  three  years.     Table  X,  ia  the 
appendix,  gives  the  combined  results  of  the  experiment. 

The  results  of  the  experiment  were  in  favor  of  the  use  of  American 
3eed  for  growing  seedlings,  since  there  was  an  increase  of  4.9  per  cent 
of  crown-gall  on  the  trees  on  roots  grown  from  French  seed,  and,  on 
the  other  hand,  an  increase  of  1.3  per  cent  of  hairy-root  on  trees  grown 
Ffohi  roots  from  American  seed.  If  we  combine  the  number  of  trees 
diseased  both  by  crown-gall  and  hairy-root,  there  will  be  found  an 
increase  of  3.6  per  cent  of  disease,  due  to  the  use  of  French  seed. 
ThisL  difference  is  further  accentuated  by  the  number  of  trees  grown 
From  the  same  number  of  grafts  on  the  roots  from  American  seed,  2,255 
as  compared  to  1,802  on  roots  from  French  seed,  or  a  gain  of  25.1  per 
cent  in  favor  of  the  use  of  the  former.  The  experiment  proves  that 
the  assumption  that  the  use  of  American  seed  in  growing  seedUngs 
tends  to  increase  the  development  of  crown-gall  is  erroneous  and  it 
indicates  a  superiority  in  seedlings  from  American  seed. 

TTie  use  of  seedlings  from  old  nursery  districts  for  making  root  grafts 

may  not  increase  the  development  of  the  disease, — It  has  been  asserted 

by  some  growers  of  nursery  stock  that  seedlings  purchased  from 

r^ioDs  where  they  had  been  grown  year  after  year,  and  especially 

from  Kansas,  developed  more  crown-gall  than  those  grown  in  new 

re^ons  in  soil  where  nursery  stock  had  not  been  previously  grown. 

To  test  the  matter,  two  lots  of  grafts  were  made  from  the  same  stock 

of  scions,  including  the  following  varieties:  Yellow  Transparent, 

Baldwin,  Winesap,  Maiden  Blush,  and  Missouri.     One  set  was  made 

on  seedling  roots  grown  from  French  apple  seed  in  the  Kansas  River 

valley,  near  Topeka,  Kans.,  on  soil  subject  to  inundation  from  the 

river  and  overflow  from  neighboring  nurseries  and  on  which  nursery 

stock  had  been  previously  grown;  the  other  set  was  from  another 

stock  of  seedlings  grown  from  the  same  stock  of  seed  by  the  same 

nursery  company  in  a  new  locality  near  Lincoln,  Nebr.,  on  soil  which 

had  been  cultivated  in  field  crops  for  a  number  of  years  and  on  which 

nursery  stock  had  never  been  grown.     This  set  contained  half  as 

many  root  grafts  as  the  former.     The  grafts  were  made,  planted, 

and  grown  with  the  same  care  as  in  all  of  the  experiments.     They 

were  grown  on  cooperative  plats  1  to  8,  and  a  definite  proportion, 

selected  in  a  numerical  series  in  each  row,  was  dug  each  year  at  the 

ages  of  1,  2,  and  3  years.     Table  XI,  in  the  appendix,  gives  in  a 

condensed  form  the  results  of  the  experiment. 

In  giving  the  results  of  this  experiment  it  must  be  noted  that  the 
conditions  under  which  the  seedlings  for  the  experiment  were  grown 
were  not  quite  comparable  for  two  reasons :  The  localities  where  they 
were  grown  (Kansas  and  Nebraska)  varied  in  latitude,  and  the  soil 
conditions  were  not  quite  the  same,  since  these  seedlings  were  grown 
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in  different  vaJleys.  The  trees  from  the  two  sets  of  grafts  made  from 
these  seedlings,  however,  were  grown  under  similar  conditions,  and 
the  results  of  the  experiment  are  of  value,  since  they  show  what 
variation  may  be  exp!^ted  from  seedlings  ^>wn  in  different  locdi- 
ties  and  since  they  disprove  the  prevalent  idea  that  Kansas  seedlings 
are  more  apt  to  develop  crown-gall  than  others.  The  results  show 
a  decrease  of  3.4  per  cent  in  crown-gall  and  of  1.1  per  cent  in  haiiy- 
root  on  trees  from  grafts  on  Kansas  seedling  roots.  This  is  almost 
entirely  offset  by  the  increased  stand  of  trees,  3.1  per  cent,  obtained 
from  the  trees  grown  from  grafts  on  Nebraska  seedling  roots.  The 
experiment,  then,  yields  no  positive  proof  of  an  increase  of  the  dis- 
ease where  seedlings  are  purchased  from  localities  where  nursery 
stock  has  been  grown  for  years^. 

Heavy  wet  soils  favor  the  development  of  croumrgaU  in  the  nursery. — 
The  consensus  of  opinion  of  nurserymen,  based  upon  observation,  has 
been  that  heavy  wet  soils  underlaid  with  or  composed  lai^ly  of  clay 
favor  the  development  of  crown-gall.  No  extensive  set  of  experi- 
ments on  this  subject  has  been  recorded.  The  most  extensive  experi- 
ment recorded  in  scientific  publications  is  that  of  Howard  regarding 
the  increase  of  crown-gall  due  to  clayey  soil  as  compared  with  loess. 

A  large  number  of  experiments  have  been  conducted  by  the  writer 
on  different  kinds  of  soils,  only  two  sets  of  which  were  conducted 
in  the  same  locality.  These  were  on  cooperative  plats  1  and  2. 
Plat  1  consisted  of  a  low  wet  tract  of  land,  composed  of  a  coUuvial 
clay  loam  laid  to  a  depth  of  3  to  4  feet  on  a  stratum  of  yellow  clay. 
Plat  2  was  an  upland,  well-drained,  light  clay  loam  of  about  equal 
depth,  sloping  gently  to  the  south.  The  two  plats  were  planted  with 
an  equal  number  of  root  grafts  made  from  healthy  stock  and  prepared 
in  equal  lots  from  twenty-four  varieties  of  apples.  The  names  of  these 
varieties  are  given  on  page  85.  One-third  of  the  trees,  selected  in  a 
numerical  series,  were  dug  each  year  for  three  successive  years,  at 
the  ages  of  1,  2,  and  3  years.  The  results  are  given  in  Table  XTT,  in 
the  appendix. 

Nearly  the  same  amount  of  disease  occurred  in  the  two  plats,  24.9 
per  cent  in  plat  1  and  24.1  in  plat  2.  There  was  a  preponderance  of 
5.3  per  cent  of  crown-gall  on  the  heavier,  wetter  soil,  and  4.5  per  cent 
of  hairy-root  on  the  higher,  drier  soil.  Without  regard  to  the  cause 
of  the  different  forms  of  the  disease,  the  usual  rule  with  regard  to  the 
increased  production  of  roots  in  drier  soils  holds  good  in  these  experi- 
ments. The  well-drained  upland  soil  in  plat  2  yielded  20.2  per  cent 
more  good  trees  than  the  other  plat.  These,  however,  were  at  least 
a  third  smaller  in  size. 

Six  other  cooperative  plats,  3  to  8,  were  planted  with  experiments 
identical  with  those  in  plats  1  and  2,  since  the  root  grafts  for  each 

186 


DEVELOPMENT  OF  FORMS   OF  THE  DISEASE.  29 

periment  in  these  plats  were  ail  made  at  one  time  in  the  same 

nursery,  divided  into  eight  equal  lots,  and  planted  in  each  of  the 

plat;s.     The  location  of  each  plat  and  a  description  of  the  soil  are 

gi^ven  on  page  78.     It  was  noted  that  more  diseased  trees  occurred 

on  t;he  plats  with  the  wettest,  heaviest  soils.     The  results  from  the  two 

plctts  with  the  heavier,  wetter  soils  and  from  the  two  plats  with  the 

lighter,  better-drained  soils  are  given  in  Table  XIII,  in  the  appendix. 

The  wet,  heavy  soils  gave  from  8.1  to  11.1  per  cent  more  diseased 

trees  than  the  light,  dry  soils.     The  highest  percentage  of  disease  in 

&    number  of  smaller  experiments  has  invariably  occurred  on  wet, 

liectvy  soils.     It  therefore  appears  that  such  soils  are  more  favorable 

to  the  development  of  crown-gall. 

Period  for  the  maximum  deoelopment  of  crown^all  and  Uiry^oot  in 
Ute^  nursery, — After  compiling  the  data  from  a  large  number  of  experi- 
ments, involving  many  trees  dug  at  different  ages,  certain  regular 
variations  were  noted  in  the  amount  of  crown-gall  present  at  different 
ages  on  root-grafted  trees  in  the  nursery  under  the  conditions  of 
ex^perimentation. 

The  results  which  follow  are  compiled  from  seven  large  sets  of 
parallel  experiments  carried  on  in  four  of  the  cooperative  plats — 
1,  2,  3,  and  4  (see  p.  78).  The  root  grafts  for  each  set  were  made 
from  carefully  selected  healthy  stocks  of  scions  and  seedlings  at  the 
same  nursery,  divided  into  four  equal  parts  and  planted  in  the  four 
cooperative  plats  just  named.  Twenty-four  varieties  of  apples  were 
used,  the  same  as  are  given  in  Table  XXI,  page  85,  in  the  appendix. 
One-third  of  the  trees  in  each  plat,  selected  in  a  numerical  series  in 
each  row,  were  dug  each  year,  at  the  ages  of  1,  2,  and  3  years.  The 
results  are  given  in  Table  XIV,  in  the  appendix. 

The  results  in  Table  XIV  indicate  plainly  that  in  the  nursery  and 
under  the  conditions  given  root-grafted  trees  developed  crown-gall 
chiefly  during  the  first  year,  and  that  during  the  next  two  years  many 
of  the  trees  threw  off  the  disease,  which  decreased  the  second  year 
from  26.7  per  cent  to  9.1  per  cent,  and  the  third  j'^ear  from  9.1  to  4.7 
per  cent.  This  table  also  shows  that  the  development  of  hairy-root 
took  place  chiefly  during  the  first  year,  but  increased  considerably 
the  second  year,  3.1  per  cent,  with  little  increase  the  third  year,  0.1 
per  cent. 

An  objection  to  making  such  conclusions  from  average  results  may 
be  offered  for  the  reason  that  the  average  may  be  that  of  two  widely 
differing  extremes,  either  of  which  might  include  the  results  of  a 
large  number  of  the  experiments,  and  that  such  extremes  if  taken 
separately  would  warrant  the  formation  of  entirely  opposite  conclu- 
sions. This  objection  can  not  hold  here,  since  all  of  the  sets  of  experi- 
ments gave  approximately  the  same  general  results  as  the  average, 
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and  even  the  smaller  units  or  variations  combined  in  these  sets,  with 
very  few  exceptions,  gave  the  same  results.  None  of  these  excep- 
tions varied  widely  from  the  general  trend  of  the  results.  A  refer- 
ence to  the  tabular  results  of  a  number  of  other  experiments  given 
both  earlier  and  later  in  this  bulletin  will  lead  to  the  same  conclusiuns 
as  are  drawn  from  Table  XIV. 

EFFECT  OF  THE  DISEASE  UPON  APPLE  TREES. 
OBSERVATIONS    BY   OTHERS   ON   CROWN-GALL. 

It  has  generally  been  held  by  pathologists  that  crown-gall  is  very 
destructive  to  trees.  Frank  (14),  in  discussing  the  Wurzelkropf  on 
apple  trees  in  Germany,  notes  that  trees  with  very  large  galls  show 
a  weaker  growth  of  the  trunk  and  branches,  probably  due  to  the  fact 
that  the  swellings  absorb  considerable  nutritive  substance.  Wick»>n 
(77),  in  discussing  the  general  subject  of  root  knots  on  fruit  trees, 
makes  the  following  statement: 

Probably  during  the  last  twenty  yeara  hundreds  of  thousands  of  such  trees  (referring 
to  trees  with  galls)  have  split  and  died  in  the  best  soil  and  with  the  best  treatment. 
If  disease  has  stunted  the  growth  of  a  young  tree,  pluck  it  out  and  plant  a  new  one. 
If  the  knots  are  found  on  larger  trees  which  are  making  satisfactory  growth  in  spite 
of  them,  remedial  measures  should  be  tried.  The  final  result  seems  to  depend  upon 
whether  the  natural  or  the  diseased  growth  secures  ascendancy  early  in  the  life  of  the 
tree;  but  apricot  trees  have  been  taken  up  after  thirty  years  of  satisfactory  growth 
and  bearing  and  found  to  have  roots  badly  affected  with  the  knots. 

In  the  same  bulletin  Wood  worth  makes  this  statement: 

The  presence  of  a  gall  at  the  crown  of  the  plant  seems  to  effect  an  obstruction  to 
the  flow  of  the  sap,  and  in  this  way  a  tree  or  vine  becomes  weakened  and  finally  dies. 
The  gall  generally  attacks  small  plants,  but  not  always,  and  it  often  takes  a  number  of 
years  before  the  plant  is  killed. 

Yates  (80),  in  speaking  of  the  crown-gall,  does  not  consider  the 
same  a  disease. 

Selby  (50),  referring  to  apple  crown-gall,  says:  **It  seems  unlikely 
that  such  affected  trees  will  be  worth  planting,  and  all  of  them  suffer- 
ing with  this  trouble  should  be  burned.'* 

Stewart,  Rolfs,  and  Hall  (64),  make  the  following  statement:  "We 
find  crown-gall  not  uncommon  on  apple  trees  in  the  nurseries  in 
western  New  York,  but  we  know  of  no  case  where  it  has  caused 
material  loss.     *    *    *     We  would  recommend  that  all  trees  showing 
the  least  trace  of  the  disease  be  rejected;  for,  although  we  have  never 
seen  any  ill  effects  from  the  planting  of  affected  apple  trees,  it  appears 
probable  that  the  disease  may  thus  be  spread."     They  refer  to  a 
nurseryman  who  writes  that  he  planted  a  row  of  healthy  apple  trees 
and  at  the  same  time  a  row  of  trees  affected  with  crown^all,  and 
who  states  that  after  two  years  the  trees  with  the  crown-gall  had  made 
just  as  good  a  growth  as  the  healthy  trees  near  by. 
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Gannan  (16),  expresses  an  opinion  to  the  effect  that  crown-gall 
MS  can  neyer  be  very  profitable,  since  in  their  enfeebled  condition 
ey  will  not  bear  well. 

Alwood  (2);  who  made  an  extensive  study  of  this  disease,  in  his 
troduction,  referring  to  the  results  of  his  experiments,  states  that 
lese  results  *'seem  to  point  clearly  to  the  conclusion  that  every 
anter  must  be  prepared  to  detect  this  trouble,  and  exclude  it  from 
8  orchard  plantings."  Commenting  further  on  the  results  of  his 
qperiments,  Alwood  says:  *'Our  observations  in  more  recently 
anted  orchards  show  that  it  is  not  usual  for  trees  showing  an  attack 
this  trouble  to  form  a  normal  root  system;  the  root  development 
weak  and  confined  to  the  surface.  *  *  *  We  are  also  of  the 
>inion  that  badly  diseased  trees,  such  as  are  now  very  commonly 
und  in  nursery  stock,  will  not  ordinarily  come  into  fruiting."  In 
lecture  before  the  Maryland  State  Horticultural  Society  Alwood  (4) 
quoted  as  saying,  in  speaking  of  orchard  trees  diseased  with  crown- 
ill,  that  ''they  have  scarcely  grown  at  all,  although  they  have  been 
iltivated  for  five  years. " 

Butz  (7),  in  speaking  of  eleven  apple  trees  planted  on  the  Pennsyl- 
inia  Agricultural  Experiment  Station  grounds,  reports  that  after 
fo  years'  growth  the  trees  showed  ''immediate  injury,  due  to  the 
dls." 

Norton  (34)  states  that  "trees  affected  with  crown-gall  set  out  in 
le  college  yard  have  never  done  well."  In  a  later  publication  (37) 
d  makes  the  following  statements: 

The  galla,  when  they  occur  on  the  main  root,  may  interfere  with  the  transfer  of  the 
p  in  the  tree,  and  thus  weaken  it.  The  constriction  by  the  gall  may  cause  the  tree 
» fruit  too  young,  or  to  overbear;  they  cause  abnormal  root  development,  and  thus 
inder  the  growth.  They  are  often  so  well  developed  as  to  cut  off  and  cause  the 
Bath  of  the  taproot,  which  is  almost  always  killed  when  affected  throughout  by  the 
liry-root  condition.  The  tissue  of  the  gall  may  decay  and  form  an  entrance  for 
ood-rotting  fungi  which  will  soon  destroy  the  tree. 

R.  E.  Smith  (55)  reports  apple  crown-gall  to  be  very  common  in 
nraeries,  but  apparently  it  "does  not  result  as  seriously  in  orchard 
Fees  as  with  the  similar  disease  on  stone  fruits.'' 

Morris  (33)  makes  the  following  assertion:  "The  trees  affected 
^th  galls  at  the  crown  are  doomed  to  death  sooner  or  later.  Some- 
imes  the  trees  are  completely  girdled  and  starved  to  death,  at  other 
imes  the  root  of  the  tree  is  so  weakened  that  it  is  easily  broken  by 
nnd." 

Sandsten  (48),  concerning  crown-gall,  says: 

Some  kinds  of  fruit  trees  are  less  resistant  than  others.  For  example,  it  is  well 
SBown  that  a  young  peach  tree  infested  with  the  disease  will  live  for  a  relatively  short 
b&e,  while  apple  trees  may  live  for  a  number  of  years  *  *  *.  Perhaps  the  chief 
(tton  why  fruit  growers  fear  the  disease  is  that  just  about  the  time  when  the  trees 
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become  profitable,  or  when  the  trees  have  attained  the  age  of  8  or  10  yeara,  they  b^l 
to  rot  off  at  the  crown  and  die.  This  is  especially  true  of  apples.  I  have  particiilfl| 
in  mind  a  thriving  orchard  in  the  Southeast  of  25  acres  of  apple  trees,  11  yemn  oti 
which  bore  a  few  crops,  then  all  at  once  about  half  of  them  b^an  to  £all.  TJpQ 
examination  it  was  found  that  the  trees  had  been  killed  by  crown-gall. 

Van  Deman  (70),  in  a  discussion  on  fungous  diseases,  is  quoted  m 
follows,  in  a  Virginia  Horticultural  Society  Report,  in  answ^  to  I 
question  concerning  an  apple  tree  diseased  with  crown-gall:  *' Yes,  sii 
it  lives  right  along  until  it  begins  to  bear,  and  then  it  begins  to  dwindki 
and  you  wonder  why.  *  *  *  It  doesn't  attain  the  size  of  othtt 
trees,  though  sometimes  it  is  fairly  vigorous.  The  gall  will,  howevet; 
keep  on  growing  for  years  and  years." 

Popenoe  (44)  reports  the  following  experiment:  A  lot  of  Ben  Davi 
trees,  2  years  old,  one  half  having  visible  galls  on  the  roots  and  tin 
other  half  being  similar  trees  without  galls,  were  planted  a  few  jema 
ago  on  rich,  second-bottom,  level,  black  land  on  the  station  groundsi 
at  Manhattan.  At  the  time  the  report  was  made,  in  1903,  Pop«aoi 
says:  ''There  is  practically  no  difference  in  the  growth  above  groundl 
of  the  trees  of  the  two  lots,  and  of  the  trees  originally  clean  of  galki 
ome  are  now  affected. " 

OBSERVATIONS   BY  OTHERS   ON   HAIRY-BOOT. 

In  the  various  citations  as  to  the  effect  of  crown-gall  on  trees  them 
is  Httle  or  no  reference  to  hairy-root.  Stewart,  Rolfs,  and  Hall  (64), 
referring  to  the  hairy-root  of  seedlings,  which  we  have  designated  as 
the  simple  type,  state  that ' '  affected  trees  are  worthless  for  planting.*' 

Garman  (16),  discussing  a  knot  disease  of  apple  trees  which  is  evi- 
dently the  aerial  form  of  hairy-root  of  the  woolly-knot  type,  makes 
the  following  statement: 

It  undoubtedly  weakens  the  trees  attacked,  but  does  not  keep  them  from  betfiog 
in  all  cases,  and  when  but  few  knots  are  present  the  trees  show  no  other  outwvii 
evidence  of  disease. 

In  a  letter  dated  September,  1907,  Garman  writes  as  follows  con- 
cerning the  disease:  '^I  am  satisfied  it  is  not  spreading,  and  I  do  not 
regard  it  as  particularly  destructive,  although  I  have  no  doubt  it 
affects  the  health  of  the  tree  when  a  great  many  of  the  knotty  growths 
are  present.'' 

The  gist  of  the  foregoing  quotations,  which  include  a  suxnxnary  of 
nearly  everything  that  has  been  published  on  the  effects  of  crown- 
gall  and  hairy-root  in  this  country,  is  that  in  the  opinion  of  a  majority 
of  those  observers  who  have  investigated  these  forms  of  disease,  thej 
are  to  be  considered  dangerous  and  likely  to  weaken  or  kill  affected 
trees.  This  general  opinion  concerning  the  nature  and  effect  of 
crown-gall  of  apple  trees  seems  to  have  gained  ground  largely  as  & 
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asult  of  the  opinion  expressed  by  Tourney  (68)  concerning  crown- 
jail  of  the  almond,  who  proved  that  it  may  be  highly  contagious  and 
Ktrexaelj  destructive. 

B^^mning  with  the  date  of  Toumey's  paper  on  crown-gall  of  the 
Jjnondy  without  waiting  for  further  proof,  the  general  assumption 
las  been  that  the  effect  of  crown-gall  upon  the  apple  tree  is  identical 
jrith  that  of  this  disease  upon  the  almond.  With  the  general  opinion 
irevalent  in  most  parts  of  the  country,  vigorous  methods  have  been 
idvocated  very  generally  by  pathologists,  entomologists,  nursery 
nspectprs,  and  others.  Stringent  laws  have  been  enacted  for  stamp- 
ing out  the  disease,  with  the  assumption  that  the  disease  of  the  apple 
is  as  injurious  as  that  of  the  stone  fruits. 

In  summing  up  the  few  opinions  which  were  given  from  actual 
K3cperiments,  it  may  be  well  to  suggest  that  in  all  probabiUty  the 
effect  of  root-rot  has  been  confused  with  that  of  crown-gall.     It  is 
irell  known  that  root-rot  attacks  orchards  in  many  portions  of  the 
apple-growing  belt,  especially  in  the  South  and  the  Southwest.     In 
collecting  accurate  data  on  the  effect  of  crown-gall  and  hairy-root  it 
is  absolutely  necessary  that  each  individual  tree  be  examined  and 
the  condition  of  the  roots  noted  before  drawing  any  conclusions  as 
to  the  cause  of  the  death.    A  study  of  the  connection  between  root- 
rot  and  crown-gall  is  also  necessary.    All  of  the  trees  in  the  orchard 
experiments  of  the  writer  have  been  free  from  root-rot,  but  borers 
were  present  in  orchards  1  and  2  and  killed  all  of  the  trees  that  died 
after  the  first  year,  but  attacked  healthy  and  diseased  trees  alike.     In 
forming  conclusions  as  to  the  cause  of  the  death  of  an  apple  tree,  not 
only  root-rot  but  also  these  borers  should  be  taken  into  account, 
^ce  they  apparently  attack  smooth-rooted  trees  as  often  as"  those 
diseased  with  crown-gall  and  hairy-root.     These  insects  bore  beneath 
the  bark  into  the  wood  of  the  tree  and  allow  root-rot  fungi  to  enter 
the  wounds  made  by  them.     Quite  often  death  results  in  a  couple  of 
years  from  the  first  attack. 

Wherever  an  orchard  has  been  reported  as  dying  in  a  short  time 
from  crown-gall  it  will  be  well  to  look  deeply  into  the  causes  of  the 
death  of  the  trees  before  accepting  the  report  as  a  scientific  fact.  In 
the  writer's  opinion,  which  is  based  upon  exact  orchard  experiments, 
crown-gall  never  kills  an  apple  tree  suddenly,  and  where  no  other  dis- 
turbing factor  enters,  it  may  not  be  able  to  kill  it  at  all.  The  wound- 
ing of  a  projecting  hard  or  soft  gall  may  enable  wood-rotting  organ- 
isms to  enter  the  tree  and  kill  it.  Again,  the  presence  of  gall  tissues 
may  the  better  enable  insects  to  attack  the  tree,  but  in  the  writer's 
experiments  he  found  no  proof  that  diseased  trees  were  more  subject 
than  healthy  trees  to  the  attacks  of  insects  and  wood-rotting  fungi. 
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EXPERIMENTS  ON  THE  EFFECT  OF  THE  DISEASE  ON  APPLE   TBKES. 

EFFECT  ON  SEEDUNOS  NOT  UNIFORM. 

No  extended  experiments  have  been  made  to  determine  tlie  effect 
of  crown-gall  and  hairy-root  on  seedlings.  From  small  expeiiments 
and  from  observation  the  following  conclusions  have  been  reached: 
On  yearling  seedlings  with  relatively  large  galls  encircling  the  root 
(PI.  II,  fig.  2)  or  with  a  very  abundant  formation  of  fine  side  roots 
(PI.  Ill,  6g.  1),  such  as  accompany  extreme  forms  of  hairy-root,  there 
is  a  perceptible  stunting  of  the  growth  of  the  tree.  Where  the  galls 
are  small  and  the  hairy-root  formation  is  not  extensive,  no  apparent 
effect  on  the  growth  is  noted.  In  the  latter  case,  as  the  trees  grow 
older,  they  may  outgrow  the  effects  of  the  disease. 

The  aerial  form  of  hairy-root  (stem  tumors)  was  found  in  the 
autumn  of  1908  on  40  trees  in  a  block  of  500  8-year-old  seedling  apple 
trees  in  a  pedigree  orchard  near  Mitchell,  Ind.,  belonging  to  the  Indiana 
Agricultural  Experiment  Station.  These  were  first  reported  in  a 
letter  by  Prof.  C.  G.  Woodbury,  of  that  station.  Six  of  these  trees 
bore  from  8  to  25  large,  rough  knots  (PI.  V,  fig.  1),  in  some  cases 
encircling  the  tree.  None  of  these  trees  was  quite  as  large  as  the 
neighboring  trees.  No  difference  in  size  was  noted  in  the  other  34 
diseased  trees. 

One  striking  effect  of  hairy-root  of  the  simple  form  should  again 
be  noted.  Seedlings  diseased  with  this  form  are  enabled  to  root 
more  readily  than  healthy  seedlings.  Cuttings  taken  from  such 
seedlings  root  more  readily  than  those  from  healthy  seedlings  (see 
p.  24).  Such  cuttings  usually  develop  into  trees  (PL  VII,  fig.  1), 
affording  to  some  extent  a  method  of  propagation  not  ordinarily 
used  and  not  to  be  recommended. 

SLIGHT  EFFECT  ON   GRAFTED  TREES  IN  THE   NURSERY. 

The  same  observations  made  on  the  effect  of  crown-gall  and  hairy- 
root  on  seedling  trees  apply  to  young  grafted  trees,  except  that  the 
stunting,  as  a  rule,  is  not  nearly  so  marked.  A  great  variation  in 
effect  is  shown,  since  some  diseased  trees  exhibit  as  great  or  even  a 
greater  vigor  of  growth  than  healthy  ones.  On  the  average,  how- 
ever, trees  in  the  nursery  rows  that  are  diseased  with  the  simple 
form  of  hairy-root  are  not  quite  so  tall  as  smooth-rooted  trees,  and 
those  with  the  woolly-knot  form  may  be  taller.  Those  affected  with 
forms  of  crown-gall  are  somewhat  shorter  than  those  with  hairy-root. 

In  order  to  determine  the  effect  of  the  disease  on  the  height  of 
trees  in  the  nursery  rows,  measurements  were  taken  of  18,042  1  and 
2  year  old  root-grafted  trees  grown  in  a  number  of  the  experiments 
mentioned  earlier  in  this  bulletin.     These  trees  were  grown  in  coop- 
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rative  plats  1  and  2,  in  southwestern  Iowa;  plat  3,  in  eastern 
Nebraska;  plat  4,  in  western  Illinois;  and  plat  6,  in  eastern  Kansas, 
^n  five  of  these  sets  of  experiments,  the  results  of  which  are  given  in 
Tables  XV  and  XVI,  in  the  appendix,  a  definite  proportion  of  the 
rees,  selected  in  a  numerical  series  in  the  row,  was  dug  at  the  age  of 
.  year,  and  the  remainder  at  the  end  of  the  following  season. 

From  Tables  XV  and  XVI  it  will  be  seen  that  the  average  height  of 
lealthy  trees  in  the  experiments  at  the  age  of  1  and  2  years  was  37.2 
ind  56.4  inches,  respectively,  as  compared  with  33.5  and  51.3  inches 
or  trees  diseased  with  crown-gall  and  34  and  53  inches  for  trees 
effected  with  hairy-root.  In  other  words,  galled  trees  were  only 
linety  hundredths  and  ninety-one  hundredths  and  hairy-rooted  trees 
linety-one  hundredths  and  ninety-four  hundredths  as  tall  as  healthy 
>nes.  A  few  measurements  of  root-grafted  trees  made  at  the  end  of 
bhree  years  indicate  that  approximately  the  same  rate  for  each  still 
iield  at  the  end  of  the  third  year's  growth.  A  few  measurements 
were  made  of  the  diameter  of  healthy  and  diseased  trees  of  some  of 
the  rows  in  each  experiment,  but  time  would  not  permit  of  the  meas- 
urement of  all.  It  was  found  that  the  ratio  of  the  diameters  was 
approximately  the  same  as  that  of  the  heights,  viz,  almost  10  to  9.5 
for  healthy  and  diseased  rootr-grafted  trees  in  the  nursery. 

In  conclusion  it  must  be  said  that  taken  collectively  the  forms  of 
crown-gall  and  of  hairy-root  do  have  a  slightly  stunting  effect  on 
root^grafted  trees  in  the  nursery  during  the  first  three  years,  and  for 
that  reason,  at  least,  such  trees  are  not  equal  to  healthy  ones  for  plant- 
ing in  orchards.  This  conclusion  as  to  hairy-root  is  given  with  the 
following  modifying  statements: 

(1)  The  effect  of  the  simple  form  of  hairy-root  in  stimulating  root 
production  in  root  grafts  is  described  on  a  previous  page.  When 
cuttings  are  taken  from  trees  diseased  with  the  knots  or  the  aerial 
form  of  hairy-root  and  planted  or  used  as  scions,  root  formation  is 
more  abundant  than  with  healthy  cuttings.  Roots  are  thrown  out 
readily,  especially  from  the  young  knots,  producing  the  woolly-knot 
form  (PL  V,  fig.  2,  and  PI.  VII,  figs.  1  and  2).  Such  trees  are  some- 
times more  vigorous  growers  for  a  time  than  healthy  trees.  The  final 
effect  is  not  yet  known. 

(2)  The  abnormal  root  production  of  the  woolly-knot  form  often 
stimulates  the  growth  of  grafted  trees,  and,  as  a  result,  such  trees  fre- 
quently become  the  largest  in  the  row.  Tliis  stimulation  often  con- 
tinues after  the  trees  are  planted  in  the  orchard.  The  largest  tree  in 
experimental  orchard  1  was  diseased  with  woolly-knot  (PI.  IX,  fig.  1). 

LITTLE   OB  NO   EFFECT  ON   ORCHARD  TREES   SHOWN   IN    EXPERIMENTS. 

Ezperiments  hy  others, — Orchardists  and  nurserymen,  as  well  as 
investigators,  differ  in  their  opinions  as  to  the  effect  of  cro^\"n-gall  and 
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hairy-root  on  the  apple  tree.  It  would  be  interesting  to  cite  the 
statements  of  a  number  of  nurserymen  and  orchardists,  but  it  will  be 
better  to  give  data  from  orchards  grown  by  them  with  diseased  trees. 
The  owners  of  one  orchard,  Marshall  Brothers,  at  Ariington,  Nebr., 
reported  in  a  letter  dated  January  25,  1909,  as  follows: 

We  have  29  Wealthy  apple  treee  that  we  planted  thirteen  yeare  ago.  All  of  them 
were  more  or  lefls  gall^,  some  galls  being  nearly  as  laige  as  a  hen's  ^g.  These  treee 
have  grown  well  and  have  done  splendidly.  We  have  noticed  no  difference  between 
these  and  other  Wealthy  trees  of  the  same  age  in  growth  and  bearing.  They  have 
given  almost  annual  crops  the  last  &ye  or  six  years,  and  two  or  three  very  heavy  crops. 

The  owners  of  a  second  orchard,  of  10  acres,  at  Troy,  Ohio,  reported 
May  16,  1907,  as  follows: 

The  orchard  you  ask  about  was  planted  five  years  ago  this  spring  and  coiuriAted  of 
Yellow  Transparent  apples  which  were  badly  infested  with  crown-gall  and  aphis. 
Inasmuch  as  the  authorities  in  this  State  are  opposed  to  the  use  of  trees  thus  infeeted, 
we  have  discontinued  the  growing  of  apples  at  this  place,  and  therefore  did  away  with 
the  orchard  this  spring.  However,  we  wish  to  say  the  trees  were  thrifty  and  in  good 
growing  condition,  and  we  do  not  believe  there  could  be  any  objection  to  the  showing 
they  made.    There  was  some  fruit  on  this  orchard  last  season. 

A  third  orchard  is  reported  upon  by  Charles  C.  Bell,  of  Boonvillc, 
Mo.,  January  4,  1908.  He  states  that  an  orchard  of  about  20  acres 
was  planted  in  1900  with  2-year-old  trees  diseased  with  crown-gaU, 
after  samples  of  the  trees  had  been  condemned  by  experts,  as  unfit  for 
planting.  He  says:  '* To-day  these  trees  which  were  condemned 
*  *  *  are  a  beauty  to  behold;  they  are  healthy  and  strong  and 
ready  to  bear  fruit.'* 

A  fourth  orchard  w^as  planted  and  grown  in  1902  near  Mountain 
Grove,  Mo.,  by  F.  A.  Faurot,  a  collaborator  of  the  Bureau  of  Plant 
Industry.  This  experiment  was  in  cooperation  with  the  Missouri 
Fruit  Experiment  Station  at  that  place.  By  permission  of  the  di- 
rector of  the  station,  Paul  Evans,  Mr.  Faurot  furnished  the  data  for 
publication.  The  orchard  is  planted  in  two  plats,  one  sloping  gently 
to  the  east,  the  other  to  the  north.  The  soil  is  a  clay  loam.  In  the 
first  plat  275  apple  trees  were  planted,  one-fifth  of  which  were  diseased 
with  crown-gall.  The  diseased  trees  were  in  a  separate  row,  but  were 
of  the  same  varieties  and  of  the  same  stock  as  the  healthy  ones.  The 
second  plat  consisted  of  96  apple  trees,  one-third  of  which  were 
plainly  diseased  with  crown-gall.  In  company  with  Mr.  Faurot,  the 
writer  visited  the  orchard  in  the  autumn  of  1908.  No  difference  could 
be  detected  in  the  growth  and  appearance  of  the  trees  in  the  diseased 
rows  of  trees  when  compared  with  those  in  the  healthy  ones.  Rela- 
tively, in  number,  no  greater  proportion  of  the  diseased  trees  had 
died  in  six  years  of  growth.  No  evidences  of  premature  development, 
such  as  early  bearing,  stunted  growth,  etc.,  were  noticed  in  any  of  the 
diseased  trees. 
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A  fifth  orchard,  belonging  to  the  Arkansas  Agricultural  Experiment 
Station,  located  at  FayetteviUe,  Ark.,  has  been  under  the  observation 
it  the  writer  for  five  years.  This  orchard  is  15  years  old  and  was 
ilanted  as  an  experiment  to  test  varieties  of  apples  from  a  horticul- 
tural standpoint.  Twelve  out  of  a  hundred  trees  in  this  orchard, 
nostly  Russian  varieties,  have  developed  the  aerial  form  of  hairy- 
x>ot,  with  no  apparent  effect  as  yet  upon  the  growth  or  the  fruiting 
>f  the  trees. 

A  sixth  diseased  orchard  is  situated  near  Mitchell,  Ind.,  on  the  farm 
>f  the  Burton  Fr|fc  Company.  Among  other  older  trees  there  are 
slanted  over  two  hundred  Benoni  apple  trees  now  8  years  old.  This 
)rchard  was  visited  by  the  writer  in  the  autumn  of  1908.  More  than 
aalf  of  the  Benoni  trees  are  disea^d  with  the  aerial  form  of  hairy-root, 
iirith  little  or  no  apparent  effect,  as  yet,  on  their  growth.  Mr.  Joseph 
k.  Burton,  superintendent  of  the  orchard,  asserts  that  many  of  the 
knots  disappear  as  the  trees  grow  older,  but  that  their  immediate 
effect  is  to  make  the  trees  bear  younger.  In  an  older  orchard  belong- 
ing to  Mr.  Burton  there  is  a  thrifty  25-year-old  Chenango  apple  tree 
(hat  has  been  diseased  with  the  aerial  form  of  hairy-root  for  years, 
with  no  effect  upon  its  fruitfulness. 

In  summing  up  the  data  from  these  orchards,  the  results  show 
that  crown-gall  and  hairy-root  have  but  Uttle  immediate  effect  on 
the  growth  of  trees  in  the  orchard.  Orchards  that  were  reported 
dying  from  disease  have  been  examined  by  the  writer,  but  the  immedi- 
ate causes  on  examination  have  proved  to  be  heart-rot  and  root-rot, 
usually  accompanied  in  unfavorable  soil  conditions  by  poor  drainage, 
neglect  of  cultivation,  etc.  These  diseases  apparently  attack  and 
kill  the  trees  originally  healthy,  without  regard  to  the  presence  of 
crown-gall  or  hairy-root. 

Experimental  orchards. — ^The  orchard  experiments  conducted  for 
the  study  of  the  disease  were  four  in  nimiber.  The  location  of  these 
orchards,  designated  as  orchards  1;  2,  3,  and  4,  and  a  description  of 
the  soil  in  each,  with  the  methods  of  experimentation,  are  given  on 
page  79. 

Orchard  1  was  planted  with  trees  of  the  following  varieties:  In- 
gram, Gano,  Collins,  and  York  Imperial,  grown  in  a  nursery  in 
eastern  Missouri.  It  was  planted  with  112  healthy  apple  trees 
(PI.  Ill,  fig.  3)  and  96  diseased  with  the  hard  form  of  crown-gall,  the 
galls  being  near  the  crowns  of  the  trees,  just  below  the  surface  of  the 
soil  as  they  grew  in  the  nursery  (PL  I,  fig.  1).  This  orchard  was  on 
well-drained  soil,  and  the  healthy  and  diseased  trees  were  planted 
in  alternate  rows. 

Orchard  2  was  planted  in  a  soil  similar  to  that  of  orchard  1,  except 
that  it  was  situated  at  a  lower  elevation  and  was  subject  to  seepage. 
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It  was  planted  with  the  same  yarieties,  but  the  healthy  trees,  122 
in  number,  were  planted  in  blocks  of  seyeral  rows,  rows  of  healthj 
trees  alternating  with  rows  consisting  of  139  diseased  trees.  Both 
orchards  were  cultivated  across  rows,  from  diseased  to  heaJthv  trees, 

'  me 

to  faciUtate  the  spread  of  disease  by  cultiyation.  One  block  of  36 
diseased  trees  of  the  Collins  yariety  in  this  orchard  was  composed  of 
trees  diseased  with  the  soft  form  of  crown-gaU,  the  other  yarieties 
being  diseased  with  the  hard  form.  Most  of  the  galls  were  from  1^ 
to  2  inclies  in  diameter. 

Orchards  1  and  2  were  cultiyated  with  ordinary  care,  receiving 
no  special  attention.  The  trees  were  planted  thickly  and  stood  8 
by  9  feet  apart.  The  soil  ^as  not  the  best,  owing  to  the  fact 
that  it  had  been  cultivated  to  grain  crops  without  fertilization  for 
many  years.  No  fertihzer  was  used,  natural  soil  conditions  belog 
preferred.  The  growth  of  the  healthy  and  the  diseased  rows  was  so 
nearly  uniform  that  on  repeated  tests  trained  pathologists  could 
not  pick  out  the  rows  of  diseased  trees.  Photographs  of  represen- 
tative rows  of  trees  were  taken  at  the  age  of  6  years  (see  PL  X). 

Owing  to  a  fire  which  killed  many  of  the  trees  in  orchards  1  and  2, 
the  experiments  had  to  be  discontinued,  and  the  trees  were  taken  up 
when  they  were  8  years  old ;  that  is,  after  they  had  grown  for  six 
seasons  in  the  orchards.  Just  before  the  trees  were  taken  out,  the 
trunk  of  each  was  carefully  measured  at  a  height  of  6  inches  above 
the  surface  of  the  ground.  At  the  time  of  removal  careful  notes 
were  taken  of  the  condition  of  the  roots  as  to  increase  of  disease, 
recovery  therefrom,  forms  of  disease,  etc.  The  results  of  the  experi- 
ment are  given  in  a  condensed  form  on  pages  20  and  57  and  in  Tables 
XVII,  XVIII,  and  XIX,  in  the  appendix.  Table  XVII  gives  the 
average  diameter  of  the  healthy  and  the  diseased  trees  at  the  time 
they  were  dug. 

It  ^\^ll  be  seen  from  Table  XVII  that  the  effect  of  crown-gaJl  and 
haiiy-root  on  tlie  trees  in  the  experiment  was  to  diminish  very  slightly 
the  diameter  of  the  trunks.  The  trees  with  healthy  roots  had 
developed  in  six  years  an  increase  in  diameter  of  six  one-hundredths 
of  an  inch  greater  than  those  diseased  with  hairy-root,  and  of  twenty- 
nine  one-hundredths  of  an  inch  greater  than  those  diseased  with 
crown-gall.  These  diseases  are  thus  shown  to  be  very  slightly 
detrimental  to  the  growth  of  orchard  trees  during  the  first  few  years, 
and  the  assertions  of  many  to  the  contrary  are  disproved. 

In  orchards  1  and  2,  during  the  six  seasons  of  growth  the  number 
of  healthy  trees  that  died  was  23  out  of  234,  or  9.8  per  cent,  and  of 
diseased  trees  it  was  30  out  of  235,  or  12.8  per  cent,  indicating  that 
tlie  presence  of  the  disease  may  have  slightly  increased  the  death 
rate.     During  the  first  four  years  9  healthy  and  9  diseased  trees  died. 
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>f  these  5  healthy  and  7  diseased  ones  died  from  the  effect  of  trans- 
»Iaiiting  to  the  orchard.  During  the  fifth  year  10  healthy  and  12 
lise&sed  trees  died,  and  during  the  sixth  year  4  healthy  and  9  dis- 
lased  trees  died.  It  should  be  noted,  however,  that  all  of  the  trees 
bat  died  during  the  fifth  and  sixth  years  and  3  trees  during  the 
irst  four  years  were  killed  by  borers  encircling  the  tnmk  near  the 
surface  of  the  ground.  In  no  case  could  their  death  be  directly 
attributed  to  crown-gall  or  hairy-root,  nor  can  it  be  said  that  borers 
;>ref er  the  diseased  trees  to  any  marked  extent. 

Tables  XVIII  and  XIX,  in  the  appendix,  show  the  number  of 
lealthy  and  diseased  trees  of  each  variety  planted  in  orchards  1  and  2, 
is  ^well  as  the  number  of  each  that  died  during  six  seasons  of  growth. 
rbe  diseased  trees  of  the  variety  Collins  in  orchard  2  had  soft  galls 
[>n  the  roots.    All  of  the  other  galls  were  of  the  hard  form. 

A  third  orchard,  designated  as  ''orchard  3,'^  was  planted  in  the 
latter  part  of  April,  1907,  with  1,108  well-rooted  apple  trees  of  a  num- 
ber of  varieties  selected  from  trees  grown  in  experiments  in  the 
nursery.  Of  these  572  were  healthy,  354  diseased  with  hairy-root 
(PI-  I,  fig.  2),  and  117  diseased  with  crown-gall  of  both  the  hard  and 
the  soft  forms.  The  trees  were  transplanted  after  the  buds  were 
greatly  swollen,  and  a  month  of  dry  weather  ensued  just  after  the 
planting.  As  a  result,  the  loss  from  transplanting  was  heavy.  A 
fire  in  the  autumn  of  1908  killed  many  of  the  trees  and  ruined  the 
experiment.  The  trees  were  then  dug,  no  notes  being  taken  at  the 
time  of  digging  as  to  the  condition  of  the  roots.  The  trees  that  died 
in  1907  and  1908  are  enumerated  in  Table  XX,  in  the  appendix. 

By  combining  the  data  for  1907  and  1908  in  Table  XX,  it  is  found 
that  in  two  years  33.4  per  cent  of  the  healthy  trees  died,  and  at  the 
same  time  37.3  per  cent  of  those  diseased  with  crown-gall  and  25.1 
per  cent  of  those  diseased  with  hairy-root.  Again  it  must  be  said 
that  the  reason  for  the  increased  vitality  of  the  trees  diseased  with 
hairy-root  is  the  greater  tendency  to  throw  out  roots.  This  has 
already  been  mentioned  in  the  case  of  seedlings  affected  with  hairy- 
foot  (see  pp.  24  and  34).  On  the  other  hand,  the  trees  diseased  with 
crown-gall  had  slightly  less  vitality,  since  a  somewhat  greater  number 
died. 

A  fourth  experimental  orchard,  partly  described  on  page  79,  was 
planted  on  the  Potomac  Flats,  near  Washington,  D.  C,  in  1907  and 
transplanted  to  the  experimental  farm  at  Arlington,  Va.,  in  1908. 
Trees  of  the  following  varieties,  grown  in  a  nursery  in  eastern  Mis- 
souri, were  planted:  Jonathan,  Grimes,  and  Gano.  The  trees  dis- 
eased with  crown-gall  and  hairy-root  were  selected  on  account  of  their 
having  intense  forms  of  disease,  in  addition  to  possessing  as  abundant 
roots  as  the  healthy  trees.     During  the  two  years  that  have  elapsed 
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since  planting  only  8  trees  have  died,  in  spite  of  the  fact  that  the 
have  been  twice  transplanted.  Out  of  225  healthy  trees,  3  have  died 
of  82  trees  diseased  with  hairy-root,  2  have  died;  and  of  193  tiea 
diseased  with  crown-gall,  3  have  died,  the  percentage  being  l>w 
slightly  in  favor  of  the  healthy  trees.  This  difference  is  so  small  at 
to  depend  entirely  on  chance. 

The  experiments  mentioned,  as  well  as  observations  made  in  othe 
orchards,  indicate  that  the  mere  presence  of  the  forms  of  crown-gal 
or  of  hairy-root  at  or  near  the  crown  of  an  apple  tree,  in  the  orchan 
has  very  little  effect  on  the  subsequent  growth  of  the  tree,  provided  il 
has  a  well-developed  root  system. 

Observations  made  on  badly  diseased  trees  growing  elsewhen 
under  poor  soil  conditions  indicate  that  where  either  hard  or  soft  gaSb 
extend  entirely  around  the  main  root  of  a  tree,  unless  it  is  able  tc 
throw  out  roots  above  such  growths,  a  marked  stunting  effect  may 
follow.  A  grafted  tree  of  this  character  can  not  develop  into  a  good 
tree  unless  it  can  form  roots  on  the  scion  portion  above  the  union. 

It  is  inadvisable  on  general  principles  to  plant  any  trees  affected  by 
a  contagious  disease  like  crown-gall,  and  particularly  so  with  varie- 
ties that  do  not  root  well  from  the  scion.  Trees  of  the  following 
varieties  are  more  likely  to  overcome  a  mUd  attack  of  crown-gall,  as 
they  are  better  able  to  root  from  the  scion:  Ben  Davis,  Wolf  River, 
Northern  Spy,  Grimes,  Gano,  Northwestern  Greening,  Missouri^ 
Wealthy,  Walbridge,  Fameuse,  and  Salome. 

The  following  statement  made  by  Wickson  (77)  fully  meets  the 
views  of  the  writer  and  applies  to  hairy-root  as  well  as  to  crown-gall: 

If  liie  diseased  growth  is  so  extensive  during  the  early  period  of  the  life  of  the  tree 
as  to  stunt  the  development  of  the  root  system,  no  favorahle  results  can  be  expected 
during  the  later  period  of  development  of  such  a  tree.  It  is  fortunate  that  nuiaeiy 
trees  are  generally  dug  and  sold  at  a  period  when  the  stunting  e£fect  of  these  diseases 
is  most  marked. 


The  same  statement  might  be  made  of  many  poorly  rooted 
which  have  not  formed  a  perfect  union  between  scion  and  root  piece 
in  the  root  graft  and  as  a  result  have  a  defective  root  system,  irrespec- 
tive of  these  diseases.  These  constitute  a  considerable  loss  to  the 
nurseryman  where  poorly  fitted  root  grafts  are  used. 

These  statements  apply  to  both  hard  and  soft  crown-gall  and  to  all 
of  the  forms  of  hairy-root  found  in  the  nursery.  The  results  of  the 
investigation  indicate  very  clearly  that  apple  trees  are  able  to  resist 
the  effects  of  these  forms  of  disease  in  the  orchard,  and  their  impor- 
tance has  been  greatly  overrated. 

It  must  not  be  understood,  however,  that  trees  diseased  with  even 
the  milder  forms  of  crown-gall  and  hairy-root  are  fully  as  valuable 
for  planting  as  healthy  trees.    They  can  certainly  not  be  rated  as 
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it  grade  in  the  markets,  and  if  a  purchaser  buys  trees  guaranteed 
be  free  from  disease  and  of  first  grade,  trees  with  distinct  forms  of 
ease  should  not  be  supplied.  Orchardists  should  plant  healthy 
es  and  be  willing  to  pay  more  for  them  if  necessary.  Since  the 
bial  cost  of  an  orchard  is  only  a  small  item  in  the  entire  outlay  for 
maintenance;  it  will  certainly  pay  to  plant  the  best  grade  of  trees 
tt  can  be  bought. 

i 

SGBPTIBILITY  OF  V ABIBTIE  S  OF  APPLE  TBEB  S  TO  THE  DISEASE . 
TA  UPON  A  NUMBER  OF  COMMON  VARIETIES  USED  IN  EXPERIMENTS. 

The  susceptibility  of  the  different  varieties  of  apple  trees  to  crown- 
1  and  hairy-root  has  not  been  discussed  by  others  in  any  previous 
blication  on  the  subject.  Nurserymen  have  asserted  for  a  number 
years  that  certain  varieties  are  extremely  susceptible  to  the  disease. 
ice  the  same  varieties  are  not  grown  in  all  localities,  sometimes  one 
riety  has  been  named  as  more  susceptible  and  sometimes  others. 
request  for  a  list  of  the  varieties  considered  to  be  ordinarily  most 
dly  diseased  with  crown-gall  and  hairy-root  was  sent  to  fifty  of  the 
\ding  nurseries  in  various  parts  of  the  country  to  ascertain  if  there 
IS  any  uniformity  of  opinion  in  this  matter.  Each  was  requested 
have  the  field  superintendent  send  in  the  names  of  the  six  worst 
leased  varieties.  In  a  compilation  of  thirty-two  replies  the  foUow- 
g  varieties  were  found  to  be  the  most  badly  diseased,  those  named 
lenest  being  given  first :  Ben  Davis,  Early  Harvest,  Yellow  Trans- 
flrent.  Wealthy,  Grimes,  Oldenburg,  Wolf  River,  Red  June,  Gano, 
td  Rome  Beauty.  All  of  these  varieties  except  the  last  named  have 
len  included  in  the  experiments  of  the  Bureau  of  Plant  Industry, 
om  which  data  will  be  given  later. 

Since  obtaining  these  opinions  reports  have  been  received  for  three 
iccessive  years  from  twelve  nurseries,  the  number  of  diseased  trees 
ring  given  in  the  case  of  a  large  number  of  varieties.  The  reports 
!e  from  nurseries  in  Utah,  Iowa,  Nebraska,  Kansas,  North  Carolina, 
[issouri;  Illinois,  Indiana,  Ohio,  and  Virginia,  and  many  of  them  were 
ised  upon  careful  counts  made  at  the  time  of  digging.  These  cor- 
>borate  quite  generally  the  opinions  of  the  nursery  superintendents 
» given  in  the  preceding  paragraph.  They  show,  however,  as  would 
5  expected,  a  variation  year  by  year  with  the  same  varieties  in  the 
fcme  locality.  For  instance,  one  nursery  reports  for  the  Gano  the 
>Uowing  percentage  of  disease  during  successive  years:  1904,  15; 
905,  46;  1906,  28.  Another  reports  as  follows  for  the  Ben  Davis: 
904,15;  1905,40;  1906,30. 

In  order  to  obtain  some  idea  as  to  whether  in  certain  varieties  there 
fte  a  susceptibility  to  either  crown-gall  or  hairy-root,  or  both,  experi- 
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ments  with  twenty-four  of  the  more  valuable  commercial  varieties  of 
apple  trees  were  conducted  in  connection  with  the  other  lines  of  inves- 
tigation. The  data  from  the  trees  that  were  grown  in  these  exj)eri- 
ments  from  ordinary  whip  grafts  have  been  carefully  recorded  and 
compiled  for  five  years.  A  larger  number  of  grafts  were  planted  and 
dug  during  the  last  three  years  than  during  the  first  two  of  the  period 
of  experimentation.  During  the  first  two  years,  1903  and  1904,  the 
work  of  experimentation  was  confined  to  one  locality.  During  the 
last  three  years  each  stock  of  root  grafts  was  made  at  a  single  nursery 
and  divided  into  eight  equal  lots  and  planted  in  cooperative  plats  1 
to  8,  thus  getting  the  combined  results  of  the  effect  of  growing  a 
variety  under  as  many  different  conditions.  The  results  from  these 
series  of  experiments  for  five  years  are  combined  and  given  in  Table 
XXI,  in  the  appendix. 

The  conclusion  from  this  series  of  experiments  is  that  the  different 
varieties  of  apple  trees  show  a  wide  variability  in  their  susceptibility 
to  the  disease;  that  some  varieties  are  more  apt  to  develop  forms  of 
crown-gall  and  others  forms  of  hairy-root;  and  that  none  of  the  varie- 
ties were  free  from  either  type  of  the  disease. 

It  will  be  noted  that  the  varieties  Wealthy,  Yellow  Transparent,  and 
Wolf  River  developed  a  high  percentage  of  crown-gall,  and  the  Ben 
Davis,  Wolf  River,  and  Northern  Spy  varieties  a  high  percentage  of 
hairy-root.  In  both  cases  the  forms  of  disease  occurred  chiefly  on  the 
scion  portions  of  the  trees.  (See  PI.  II,  fig.  3.)  Itjollows  that  the  dis- 
ease must  be  considered  more  with  reference  to  the  scion  than  to  the 
seedling  or  root  portions  of  the  root  graft;  also  that  in  root-drafted 
trees,  susceptibility  or  resistance  is  inherent  in  the  variety  of  scion, 
and  methods  for  the  prevention  of  the  disease  must  be  directed 
primarily  to  the  selection  of  varieties  resistant  to  the  disease,  and 
secondarily  to  the  selection  of  resistant  seedUng  stocks. 

The  tendency  toward  the  development  of  the  disease  appears  to  be 
in  no  way  related  to  the  character  of  the  growth  of  any  particular 
variety.  Certain  of  the  varieties  experimented  with  are  vigorous 
growers,  such  as  Wealthy,  Walbridge,  Wolf  River,  Minkler,  Ben 
Davis,  Northwestern  Greening,  Northern  Spy,  and  Baldwin,  while 
others,  like  Yellow  Transparent,  Whitney,  Red  June,  Maiden  Blush, 
and  Jonathan,  are  much  slower  growers.  It  will  be  seen  from  Table 
XXVI,  in  the  appendix,  that  some  of  the  more  vigorous  varieties 
showed  a  high  percentage  of  disease,  as,  for  example,  the  Wolf  River, 
with  an  average  of  46.4;  the  Wealthy,  with  43.3  per  cent;  and  the 
Ben  Davis,  with  36.1  per  cent.  On  the  other  hand,  equally  vigorous 
growers  were  the  Baldwin,  with  only  16.6  per  cent;  the  Minkler,  with 
16.8  per  cent;  the  Walbridge,  with  14.1  per  cent;  and  the  Martha, 
with  only  10.7  per  cent.     It  must  be  added,  however,  that  there  was 
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a  doubt  as  to  whether  the  variety  called  '' Martha ''  used  in  the  experi- 
ment was  true  to  name.  Of  the  slow-growing  Varieties,  the  Yellow 
Transparent  showed  an  average  of  34  per  cent  of  diseased  trees,  the 
Maiden  Blush  26.4  per  cent,  and  the  Whitney  20.4  per  cent.  It  must 
be  concluded  that  susceptibility  is  not  directly  related  to  vigor  of 
growth. 

It  was  found  that  those  varieties  that  throw  out  roots  more  readily 
from  the  scion  are  the  ones  that  are  most  susceptible  to  hairy-root. 
The  forms  of  hairy-root  apparently  originate  only  in  tissue  centers 
capable  of  producing  adventitious  roots. 

SUSCEPTIBILITY  OF   SCIONS   GROWN   IN   DIFFERENT  LOCALITIES. 

The  collection  of  data  on  the  susceptibility  of  different  varieties  of 
apple  trees  to  crown-gall  and  hairy-root  brought  out  the  fact  that 
while  certain  varieties  were  found  to  be  more  susceptible  than  others, 
the  same  variety  during  the  same  season  or  several  seasons  was  dis- 
eased more  in  one  locality  than  in  others.  This  could  probably  be  due 
to  a  number  of  facts,  one  of  which  might  be  a  varying  susceptibility 
in  stocks  of  the  same  variety  grown  in  different  localities. 

To  ascertain  whether  there  was  any  difference  in  susceptibility  of 
stocks  in  different  sections  of  the  country,  scions  of  three  different 
varieties  of  trees  were  obtained  from  a  number  of  nurseries  from  Ohio 
to  California.  These  varieties  were  Wealthy,  Wolf  River,  and  Yellow 
Transparent.  Each  variety  was  made  into  root  grafts,  the  same  stock 
of  seedlings  being  used.  They  were  planted  in  1906,  each  variety  in 
a  different  plat,  and  grown  three  years  before  digging.  The  names  of 
the  nurseries  furnishing  the  scions  are  not  given,  numbers  being  sub- 
stituted, but  the  State  in  which  each  nursery  is  located  is  given. 
Table  XXII,  in  the  appendix,  gives  the  number  of  trees  grown  from 
each  lot  and  the  percentage  diseased. 

From  the  results  given  in  the  table  it  will  be  seen  that  there  was 
a  great  variation  in  the  amount  of  disease  present  in  scions  taken 
from  different  localities,  but  it  will  not  be  safe  to  ascribe  this  wholly  to 
greater  susceptibility,  since  the  health  of  the  trees  from  which  the 
scions  were  selected  in  each  locality  could  not  be  ascertained,  and  it 
has  already  been  shown  that  this  is  a  factor  in  the  problem. 

The  difference  in  the  percentage  of  disease  in  the  case  of  the  Wolf 
River  variety,  as  shown  by  the  two  extremes  in  the  results  from  the 
experiment,  is  14.7  per  cent.  In  the  experiment  with  the  Wealthy  it  is 
17.5  per  cent,  and  with  the  Yellow  Transparent  12.8  per  cent.  This 
is  quite  a  wide  range,  but  since  the  results  can  not  be  considered  as 
strictly  comparative  they  may  be  taken  as  tentative,  paving  the  way 
for  further  inquiry  along  this  line. 
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COMMT7NICABILITY  OF  THE  DISEASE  IN  THE  NURSEBY  AND  THE 

ORCHABD. 

PREVIOUS    PUBLICATIONS    ON    THE    COMMUNICABILITY    OP    APPLE 

CROWN-GALL. 

Ever  since  crown-gall  and  hairy-root  have  been  brought  to  the 
attention  of  plant  pathologists  one  of  the  chief  problems  under  dis- 
cussion was  related  to  the  question  of  whether  these  forms  of  disease 
are  communicable,  especially  under  nursery  and  orchard  conditions. 
As  a  matter  of  precaution,  growers  have  been  generally  advised  to 
refrain  from  planting  diseased  trees,  and  their  destruction,  both  in 
the  nursery  and  the  orchard,  has  been  recommended.  In  some  cases 
trees  to  the  extent  of  a  carload  at  a  time  have  been  condemned  bv 
zealous  nursery  inspectors  and  destroyed  on  account  of  the  presence 
of  diseased  trees.** 

The  earlier  accounts  of  the  disease  by  W.  E.  Smith  (56),  Yates  (80), 
Bailey  (5),  and  others,  are  based  upon  the  idea  that  the  disease  is 
probably  not  communicable,  but  later  researches  have  overthrown 
this  theory. 

Woodworth  (78)  recommends  rejecting  all  affected  stock,  purchas- 
ing from  nurseries  known  to  be  entierely  free  from  crown-gall,  burn- 
ing-diseased trees,  and  devoting  fields  in  which  the  galls  have  appeared 
to  some  other  crop  for  a  number  of  years. 

Toumey  (68),  in  his  work  on  the  crown-gall  of  the  almond,  records 
an  experiment  in  which  he  attempted  to  transfer  the  disease  from 
the  almond  to  the  apple,  both  by  soil  inoculation  and  by  graft  inser- 
tion, but  was  unable  to  communicate  the  disease.* 

Selby  (52)  recommends  the  destruction  of  all  affected  stock,  and 
says: 

Soil  which  causes  this  sort  of  growth  upon  peach  trees  in  the  nursery  has  been  known 
to  produce  the  same  upon  the  apple,  and  conversely. 

Garman  (15)  makes  the  following  statement,  without  citing  proofs: 

It  has  been  demonstrated  that  crown-gall  is  a  contagious  disease,  to  be  conveyed  to 
seedling  trees  by  crushing  the  galls  and  putting  them  in  soil  in  which  seeds  are  planted. 
Trees  grown  with  others  that  are  galled  are  therefore  not  above  suspicion,  even  wh^ 
they  show  no  outward  evidence  of  the  disease. 

Guilford  (17),  speaking  of  apple  crown-gall,  says: 

For  the  past  three  years  I  have  been  trying  to  inoculate  the  Virginia  crab  rooUt  with 
this  gall.    Conditions  were  made  favorable  by  wounding  the  roots  and  covering  them 

o  Paddock,  Wendell.  Crown-gall.  Bulletin  86,  Colorado  Agricultural  Experiment 
Station,  1903,  p.  5. 

^Dr.  Erwin  F.  Smith  has  shown  the  writer  large,  hard  crown-galls  on  apple  stems 
produced  by  him  in   1908  by  pure-culture  inoculations  of  Bacterium  tume/aeieni 
obtained  from  the  soft  crown-gall  of  the  peach. 
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with  galb.  I  have  failed  to  get  a  catch;  but  I  have  no  trouble  in  making  the  inocu- 
lation on  our  common  seedlings.  They  usually  take  hold  on  the  seedlings  at  the  graft 
union. 

This  would  seem  to  indicate  immunity  of  the  Virginia  crab. 

Howard  (24)'  made  a  number  of  experiments  to  test  the  contagious 
nature  of  different  galls,  using  apple  grafts,  and  found  that  apple 
Irees  inoculated  with  apple  galls  were  affected  to  the  extent  of  30 
per  cent;  apple  trees  inoculated  with  raspberry  galls,  16§  per  cent; 
and  apple  trees  inoculated  with  peach  galls,  22  per  cent.  He,  however; 
gives  no  comparative  results  with  apple  trees  which  had  not  been 
inoculated;  hence,  it  is  not  certain  that  his  results  are  due  to  inocu- 
lation. 

Alwood  (2)  states: 

Apparently  crown-gall  can  be  readily  inoculated  from  a  diseased  plant  into  healthy 
ones;  hence,  diseased  plants  should  not  be  allowed  to  remain  among  healthy  ones  in 
the  orchard. 

In  another  publication  Alwood  says: 

Cultivating  the  orchard  may  possibly  serve  to  spread  the  disease  by  carrying  disease 
germs  from  one  tree  to  another.  It  is  very  probable  that  infection  occurs  without 
Basistance  wherever  parts  of  the  diseased  tissues  remain  in  the  ground  occupied  by 
apple  trees. 

Alwood  bases  his  conclusions  in  the  first  instance  upon  experiments 
containing  a  small  number  of  trees. 

Norton  (37)  regards  crown-gall  as  a  communicable  disease  on  the 
apple,  and  says  that  *'in  grafting,  the  disease  may  be  communicated 
From  diseased  to  healthy  trees  by  means  of  knives,  etc/'  He  does 
not,  however,  give  experiments  or  cite  authority  for  the  statement. 

Butz  (7)  states  that  healthy  trees  set  in  infected  land  develop  the 
disease  within  a  vear  or  more. 

The  author  (19)  stated  in  a  bulletin  in  1905,  concerning. the  hard 
rorm  of  crown-gall  on  apple  trees,  that  "the  results  of  extensive  inoc- 
ulations with  this  type  have  failed  to  prove  that  this  disease  is  of  a 
contagious  nature."  And  again,  concerning  the  soft  form  of  crown- 
gall:  '*Nor  is  there  proof  yet  that  they  are  of  a  contagious  nature.'* 
Similar  statements  were  published  in  1905  in  Science  (18)  and  in  the 
National  Nurseryman  (18).  These  opinions  were  based  upon  a 
failure  to  secure  positive  results  from  inoculations  of  apple  trees 
with  pieces  of  hard  galls  in  earlier  experiments,  disease  occurring 
both  in  control  and  in  inoculated  plants. 

Later  experiments  by  the  author  (22)  in  1906  and  1907  and  pub- 
lished in  1908  established  the  fact  that  crown-gall  of  the  soft  form 
on  apple  trees  was  contagious  and  that  it  was  identical  with  crown- 
gall  of  the  almond,  apricot,  blackberry,  cherry,  peach,  plum,  prune, 
chestnut,  and  walnut.  These  experiments  also  indicated  that  the 
disease  in  the  hard  form  was  either  slightly  or  not  at  all  contagious. 
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From  the  preceding  citations,  which  are  representative,  it  is  appar- 
ent that  the  opinions  of  plant  pathologists,  with  few  exceptions, 
have  been  as  follows: 

(1)  Apple  crown-gall  spreads  rapidly  in  the  nursery  and  the  orchard 
from  tree  to  tree. 

(2)  It  may  be  communicated  from  diseased  to  healthy  trees  bj 
contact,  in  bundles,  etc. 

A  review  of  the  literature  on  the  subject  reveals  that  little  has  been 
done  previously  in  the  way  of  experimentation  to  substantiate  these 
views  as  to  the  degree  and  the  rapidity  of  the  spread  of  the  disease 
in  the  nursery  and  the  orchard. 

PREVIOUS   PUBLICATIONS   ON   THE   OOMMUNICABILrTY  OF   HAIBT-BOOT. 

The  previous  citations  bore  upon  the  communicability  of  crown- 
gall,  but  in  most  cases  the  statements  made  no  separation  of  crown- 
gall  from  hairy-root,  both  types  of  disease  being  included  under  the 
term  "crown-gall." 

Stewart,  Rolfs,  and  Hall  (64),  who  first  described  hairy-root  of 
the  apple,  did  not  express  their  opinion  as  to  the  communicability 
of  the  disease,  but  regarded  it  as  separate  and  distinct  from  crown- 
gall. 

EXPERIMENTS  ON   THE   COMMUNICABILITY  OF  THE   DISEASE. 

Studies  on  the  formation  of  caUus  as  related  to  crownrgdU, — In  order 
to  study  the  relation  of  callus  to  wounds  an  experiment  was  prepared 
with  a  number  of  sets  of  apple  cuttings,  seedlings,  and  root  grafts. 
Some  of  the  cuttings  were  made  with  blunt  or  square  ends,  others 
with  slanting  or  pointed  ends.  Some  were  cut  with  longitudinal 
incisions,  some  with  spiral  incisions,  and  some  with  cross  incisions 
through  the  bark  and  cambial  layer;  others  lacked  such  incisioDS. 
The  seedlings  were  washed  clean,  sterilized  for  five  minutes  in  a  one- 
tenth  per  cent  water  solution  of  corrosive  sublimate,  and  again 
washed  in  boiled  water.  They  were  cut  off  at  both  ends,  roots  and 
shoots,  to  the  length  of  9  inches.  The  root  grafts  were  made  of  the 
tongue  or  whip-graft  pattern,  some  closely  fitted,  some  poorly  fitted, 
others  with  the  upper  end  of  the  root  cut  off  bluntly,  and  others  with 
the  lower  end  of  the  scion  cut  off  in  the  same  manner. 

The  materials  were  prepared  for  the  experiment  the  1st  of  Febru- 
ary, the  usual  time  for  root  grafting  at  the  larger  nurseries  in  the 
Mississippi  Valley.  The  cuttings,  seedlings,  and  root  grafts  of  each 
pattern  were  tied  for  storage  in  bundles  in  the  same  manner  as  root 
grafts  are  tied  for  storage  at  nurseries.  They  were  divided  into  two 
equal  series,  one  of  which  was  stored  in  a  cool  cellar  at  a  temperature 
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of  50^  to  60^  F.  and  the  other  in  a  greenhouse  at  a  temperature  of 
55°  to  90^  F. 

Both,  series  were  packed  in  sterilized  jars  in  a  number  of  different 
kinds  of  packing.  The  jars  and  substances  used  in  packing  were 
sterilized  in  an  autoclave  at  a  temperature  of  239°  F.  for  three  hours. 
rhe  sets  were  placed  imder  the  following  conditions  of  moisture  in 
the  cellar  and  the  greenhouse:  (1)  Moist  sphagnum  moss;  (2)  moist 
Band;  (3)  moist  sawdust;  (4)  moist  soil;  (5)  moist  chopped  excelsior; 
(6)  moist  air  over  water,  surrounded  by  wei  blotting  paper;  (7)  all 
bat  the  tips  of  the  upper  ends  in  water. 

In  nursery  practice  root  grafts  are  made  and  either  planted  out 
immediately  or  stored  in  moist  conditions  until  the  wounds  are  filled 
with  callus.  Of  the  two  sets  of  root  grafts  in  the  experiment  those 
placed  under  the  cooler  conditions  formed  callus  about  one-half  as 
rapidly  as  those  in  the  warmer  conditions.  Those  in  the  warmer 
conditions,  had  they  been  in  the  nursery,  should  either  have  been 
planted  at  the  end  of  ten  to  fourteen  days  or  placed  in  cold  storage 
to  inhibit  further  development  of  callus.  Those  in'  cooler  conditions 
were  ready  to  plant  in  three  to  four  weeks,  and  at  the  end  of  six 
weeks  the  formation  of  callus  had  become  excessive,  especially  in 
moist  moss,  earth,  sawdust,  and  chopped  excelsior.  Sand  was  found 
to  be  much  the  best  for  packing  root  grafts,  since  only  a  moderate 
formation  of  callus  took  place.  In  this  substance  there  was  no  exces- 
sive formation  of  callus  except  in  a  few  cases  when  the  period  of  time 
in  the  cellar  was  extended  to  two  months.  The  grafts,  however,  after 
two  months  in  the  cellar  or  one  month  on  the  benches  had  begun  to 
form  shoots  and  roots,  and  for  this  reason  were  not  in  good  condition 
for  planting. 

The  experiment  gave  the  following  general  results : 

(1)  On  apple  cuttings  callus  formed  readily  but  not  excessively  in 
spiral  and  cross  incisions,  and  less  readily  in  longitudinal  incisions, 
filling  the  cuts  with  new  tissue,  and  in  the  former  often  projecting 
from  the  surfaces  in  small  outgrowths. 

(2)  Usually  no  callus  developed  from  the  upper  cut  of  cuttings, 
seedlings,  and  scions,  whether  cut  off  slanting  or  square.  If  any  was 
formed,  it  barely  showed  above  the  surface  of  the  cambial  layer. 

(3)  Under  moist  air  conditions,  either  in  moss,  sand,  sawdust,  soil, 
or  in  the  open  air,  callus  formed  readily  on  the  lower  cut  ends  of  cut- 
tings, seedlings,  and  scions.  In  time  it  formed  excessively  developing 
outgrowths  half  an  inch  or  even  more  in  diameter. 

(4)  In  root  grafts  in  time  callus  formed  excessively  under  the  con- 
ditions mentioned  in  the  preceding  paragraph  at  the  lower  pointed 
end  of  all  the  scions  and  at  the  lower  cut  ends  of  some  of  the  roots  in 
the  grafts  (PL  VIII,  fig,  2).    The  graft  imion  was  closed  with  callus 
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in  a  short  timO;  but,  except  as  mentioned,  the  calhis  was  usually  con- 
fined to  the  wounds  and  did  not  project  beyond. 

(5)  Under  very  wet  conditions,  as  in  water,  the  formation  of  callus 
was  almost  entirely  inhibited  in  wounds,  but  lenticelluiar  proliferations 
were  o^bundant  from  other  parts  of  the  surface  of  shoots  and  roots. 

(6)  The  two  regions  where  the  formation  of  callus  in  root  grafts 
was  most  abundant,  the  lower  point  of  the  scion  piece  and  the  lower 
end  of  the  root  piece  coincide  exactly  with  the  position  of  more  than 
90  per  cent  of  the  galls  occiuring  on  root-grafted  trees,  indicating  a 
close  relation  between  the  formation  of  callus  and  the  deYeiopment 
of  the  disease. 

Fifty  root  grafts  with  large  outgrowths  of  callus  (PI.  VEQ,  fig.  2) 
were  selected  from  those  in  the  experiment  and  the  same  number 
with  no  excessive  development  of  callus  were  selected.  These  were 
planted  in  separate  benches  in  a  greenhouse  in  ordinary  soil,  not  ster- 
ilized. They  all  grew.  Of  the  set  with  excessive  callus  32.2  per  cent 
developed  galls  of  the  hard  form.  All  of  the  other  set  grew  into 
healthy  trees.  This  indicates  that  excessive  callus  formation  either 
is  incipient  crown-gall  or  may  develop  into  it.  Storage  conditions 
should  be  such  as  to  hinder  the  excessive  development  of  callus. 
Moist  sand  is  the  best  medium  of  those  tested  for  packing  root  grafts. 

Stvdies  on  root  formation  as  related  to  hairy^root. — In  connection  with 
the  study  of  the  formation  of  callus  and  under  the  same  conditions, 
an  experiment  was  conducted  for  the  study  of  root  production  on 
healthy  seedlings  as  compared  with  that  on  those  diseased  with  hairy- 
root  and  the  woolly  aphis.  Seedlings  of  these  three  types  were  pre- 
pared as  in  the  former  experiment  and  placed  under  the  same  con- 
conditions  of  moisture. 

It  was  found  that  as  a  rule  no  roots  were  produced  from  cuttings 
or  scions  from  the  limbs  of  healthy  apple  trees  under  the  conditions 
of  the  experiment.  Such  was  not  the  case  with  cuttings  taken  from 
the  tops  of  a  number  of  apple  seedlings  badly  diseased  with  the  simple 
form  of  hairy-root.  Roots  were  produced  freely  from  all  of  these 
under  moist  conditions.  Where  healthy  apple  seedlings  in  which  the 
stem  and  root  tip  had  not  been  cut  off  were  kept  in  a  cool  condition 
for  two  months  and  in  a  warm  condition  for  one  month,  a  few  scat- 
tered new  side  roots  developed  on  most  of  the  roots,  but  only  shoots 
or  leaves  developed  from  the  stems.  In  the  case  of  the  seedlings  dis- 
eased with  hairy-root  which  were  placed  imder  similar  conditions, 
abundant  root  formation,  usually  in  clusters  or  tufts,  took  place  from 
tissues  in  or  adjacent  to  the  diseased  parts,  not  only  from  the  roots 
but  often  from  the  stems,  and  at  the  same  time  shoots  were  thrown 
out  from  the  root  tips  below  diseased  areas.  This  is  a  reversal  of  the 
natural  order  of  root  and  shoot  formation  in  apple  seedlings. 
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A  third  set  of  apple  seedlings  was  also  placed  at  the  same  tune 
under  the  conditions  of  the  experiment.  This  consisted  of  a  number 
of  bunches  of  apple  trees  badly  affected  with  aphis  galls  but  showing 
no  hairy-root  formation.  It  was  thought  that  these  seedlings  with 
galls  might  develop  hairy-root,  but  they  behaved  in  their  rooting  no 
different  from  the  set  of  healthy  seedlings. 

The  relation  existing  between  the  woolly  aphis,  however,  and  the 
aerial  form  (stem  tumors)  of  hairy-root  (PI.  V,  fig.  2)  is  a  subject  for 
future  investigation.  The  following  observation  gives  the  reason: 
In  a  seedling  nursery  in  Indiana,  mentioned  on  page  37,  about  forty 
trees  were  found  diseased  with  this  form  of  hairy-root,  and  they  were 
also  infested  with  the  woolly  aphis.  It  was  noted  that  the  trees 
adjacent  to  the  badly  affected  trees  were  contracting  the  disease, 
ijidicating  that  this  aphis  may  assist  in  the  spread  of  the  disease  by 
carrying  the  organism  causing  it. 

No  communication  of  the  disease  to  hedUhy  uninjured  seedlings. — In 
an  experiment  with  healthy  apple  seedlings,  described  on  page  16,  it 
was  shown  that  healthy  seedlings,  uninjured  as  far  as  could  be  deter- 
mined, failed  to  become  diseased  even  when  the  soil  about  their  roots 
was  mixed  with  finely  chopped  pieces  of  living  soft  and  hard  crown- 
galls  from  apple  trees.  Thus,  without  wounds,  there  was  no  com- 
munication of  these  forms  of  disease  to  apple  seedlings.  Where 
wounds  were  made,  other  conditions  being  the  same  as  before  men- 
tioned, 4  per  cent  of  the  trees  became  diseased  with  the  hard  form 
of  crown-gall. 

The  disease  is  communicable  to  wounded  seedlings. — A  number  of 
experiments  have  been  conducted  with  healthy  apple  seedlings  grown 
in  the  nursery  and  carefully  washed  and  the  tips  of  the  roots  cut  off. 
They  were  then  divided  into  lots  of  approximately  equal  numbers  and 
prepared  for  the  experiment  as  follows:  The  plants  in  one  lot  were 
prepared  for  a  control  by  making  a  slanting  incision  into  the  root  and 
then  wrapping  the  wound  with  a  thread  in  the  same  manner  that 
grafts  were  wrapped.  A  second  control  set  was  similarly  treated, 
except  that  a  cross  section  of  clean,  healthy  apple  roots  was  inserted 
in  the  wound  before  wrapping.  A  third  set  was  prepared  like  the 
first,  except  that  a  piece  from  the  outside  of  a  living  apple  crown-gall 
of  the  soft  form  was  inserted  in  the  wound.  A  fourth  set  was  prepared 
similarly,  except  that  a  piece  from  the  outside  of  a  living  apple  crown- 
gall  of  the  hard  form  was  inserted.  A  fifth  set,  consisting  of  a  smaller 
number  of  seedlings,  was  similarly  prepared,  except  that  a  cross  sec- 
tion of  a  piece  of  living  apple  seedling  diseased  with  the  simple  form 
of  hairy-root  was  inserted.  After  growing  one  season  the  results  were 
as  given  in  Table  XXIII,  in  the  appendix. 
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These  experiments  prove  that  soft  crown-gall  of  the  apple  is  com- 
municable to  some  extent  in  wounds  by  inoculating  with  pieces  of 
living  galls,  but  that  pieces  of  hard  crown-galls  and  the  simple 
hairy-root  may  not  readily  communicate  the  disease  under  similar 
conditions. 

Increase  of  the  disease  in  root-grafted  trees  due  to  the  irioculaiion  of 
grafts, — In  order  to  test  the  communicability  of  the  soft  form  of  apple 
crown-gall,  a  set  of  nursery  experiments  was  conducted.  The  grafts 
were  prepared  from  healthy  scions  from  the  varieties  Red  June, 
Rambo,  York  Imperial,  and  Minkler,  grafted  on  the  roots  of  healthy 
selected  seedlings  from  trees  grown  from  the  same  seed  in  the  same 
field.  The  grafts  were  prepared  in  three  lots:  The  first  as  ordinary 
tongue  or  whip  grafts;  the  second  lot  had  a  piece  of  clean  cross  section 
of  healthy  apple  seedling  root  inserted  beneath  the  lower  end  or 
tongue  of  the  scion  before  wrapping  each  graft;  the  third  had  a  piece 
of  living  apple  crown-gall  of  the  soft  form  taken  from  the  outside  of 
the  gall  and  inserted  under  the  lower  end  of  the  scion  in  each  graft 
before  wrapping  it.  Each  of  the  three  lots  of  grafts  was  separated 
into  eight  equal  sets,  which  were  planted  and  grown  in  three  experi- 
ments (1,  2,  and  3)  in  the  same  localities  and  which  were  dug  in  the 
same  manner  as  the  grafts  in  the  experiments  whose  results  are  given 
on  page  62.  The  results  of  the  experiment  are  given  in  Table  XXIV, 
in  the  appendix. 

Briefly  summarized,  the  results  from  the  experiments  are  as  follows: 
Where  a  piece  of  living  healthy  root  chip  had  been  inserted  in  the 
graft  union  it  caused  an  increase  of  crown-gall  amounting  to  from  1 
to  14.2  per  cent  and  where  a  piece  of  living  apple  crown-gall  had  been 
inserted  there  was  an  increase  of  crown-gall  amounting  to  from  2  to 
33.8  per  cent  as  compared  with  the  amount  of  tirown-gall  present  in 
trees  grown  under  similar  conditions  from  ordinary  root  grafts.  In 
the  former  case  the  average  increase  was  4.7  per  cent  and  in  the  latter 
12.6  per  cent.  The  resulting  disturbance  did  not  vary  the  amount 
of  hairy-root  present  in  either  case. 

On  the  whole,  this  set  of  experiments  shows  that  crown-gall  is  com- 
municable in  root  grafts  if  they  have  an  opportunity  to  become 
infected  at  the  time  the  healing  processes  are  taking  place  in  the 
union ;  or,  in  other  words,  at  the  time  callus  is  formed  abimdantly  in 
the  wounds. 

The  data  in  experiment  1  indicate  not  only  that  there  is  no  further 
spread  of  crown-gall  in  the  nursery  rows  the  second  and  third  years, 
but  that  there  is  an  actual  decrease  of  the  disease  due  to  the  recovery 
of  many  trees.  This  must  have  taken  place,  since  in  experiment  1 
every  third  tree  was  dug  with  spades  the  first  year,  the  second  year 
one-half  of  those  remaining  also  with  spades,  and  the  balance  of  the 
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trees  the  third  year,  with  a  tree  digger.  In  digging  the  trees  with 
spades  those  remaining  were  often  wounded,  and  this  alone  should 
have  led  to  an  increase  of  disease.  In  this  and  in  all  of  the  other 
experiments  mentioned  in  this  bulletin  conducted  by  the  author  he 
personally  examined  the  root  grafts  when  made,  directed  the  planting 
and  cultivation,  saw  every  tree  as  it  was  dug,  and  noted  in  each  case 
the  condition  of  the  roots. 

Increase  of  the  disease  due  to  poorly  fitted  root  grafts. — In  order  to 
determine  the  relation  of  defective  grafting  to  the  increase  of  crown- 
gall  in  the  nursery  a  number  of  experiments  were  conducted.  Two 
series  of  whip  or  tongue  root  grafts  were  prepared  from  the  same  lots 
of  scions  and  seedling  root^.  The  varieties  Gano,  Wealthy,  Red  June, 
Martha,  and  Whitney  were  used.  The  root  grafts  of  one  series  were 
carefully  made,  root  and  scion  pieces  of  equal  diameter  being  selected 
and  smoothly  fitted  at  the  union  (PI.  IX,  fig.  2,  A)'.  The  second 
series  consisted  of  similar  grafts  very  poorly  fitted  in  which  either 
root  and  scion  piece  were  of  different  diameters  or  the  end  of  the 
one  projected  beyond  the  surface  of  the  other  (PI.  IX,  fig.  2,  C 
and  D). 

These  root  grafts  were  planted  in  eight  equal  lots  in  experiments 
1,  2,  and  3  in  cooperative  plats  1  to  S  (for  description  see  p.  78). 
In  experiment  1,  four  lots  of  grafts  planted  in  cooperative  plats  1  to  4, 
every  third  tree  was  dug  at  the  end  of  one  season,  every  second  at  the 
end  of  two  years,  and  the  remaining  trees  at  the  end  of  the  third 
year.  In  experiment  2,  two  lots  planted  in  cooperative  plats  5  and  6, 
every  other  tree  was  dug  at  the  end  of  the  first  season,  and  the  remain- 
ing trees  at  the  end  of  the  second  year.  In  experiment  3,  two  lots 
planted  in  cooperative  plats  7  and  8,  all  of  the  trees  were  dug  at  the  age 
of  2  years.  Table  XXV,  in  the  appendix,  gives  the  results  from  each 
of  the  experiments. 

A  smaller  experiment,  similarly  prepared,  in  which  a  number  of 
poorly  fitted  root  grafts  and  twice  as  many  carefully  fitted  grafts 
from  the  same  stock  of  scions  and  seedlings  were  made,  was  conducted 
in  eastern  Missouri.  The  results  of  the  experiment  are  as  follows: 
Out  of  a  total  of  357  trees  grown  from  the  smoothly  fitted  root 
grafts,  7.8  per  cent  was  diseased  with  crown-gall  and  5.1  per  cent 
with  hairy-root;  and  out  of  a  total  of  217  trees  groA\Ti  from  the  poorly 
fitted  root  grafts,  17.5  per  cent  was  diseased  with  crown-gall  and  11 .1 
l>er  cent  with  hairy-root,  or  a  saving  of  15.7  per  cent  on  trees  of  a 
marketable  size  due  to  smooth  fitting. 

Briefly  summarized,  the  results  of  these  experiments  are  as  follows: 

(1)  Poorly  fitted  root  grafts,  as   compared  with  carefully  fitted 

ones,  yielded  an  increased  percentage  of  diseased  trees  both  with 

crown-gall  and  with  hairy-root.     The  increase  of  crown-gall  in  both 
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experiments  varied  from  1.2  to  41.7  per  cent  and  of  hairy-root  from 
1.8  to  6  percent. 

(2)  The  use  of  carefully  fitted  root  grafts,  as  compared  to  poorly 
fitted  ones  in  both  experiments,  yielded  an  increased  stand  of  trees. 
This  increase  amounted  to  21.6  per  cent  in  the  first  experiment  and 
to  26.7  per  cent  in  the  second  experiment.  This  was  due  to  the 
death  of  many  more  of  the  poorly  fitted  grafts  just  after  planting, 
before  they  struck  roots. 

In  the  case  of  the  smoothly  fitted  grafts  the  superior  stand  of  trees 
is  due  to  the  more  perfect  union  formed  by  the  callus  quickly  estab- 
lishing a  circulation  in  the  graft  when  it  is  planted  in  moist  soU. 
This  brings  about  a  more  rapid  healing  and  results  in  a  higher  vitality 
and  an  increased  stand  of  trees. 

A  poor  fitting  of  root  grafts  also  causes  an  increase  of  abnormal 
callus,  permitting  a  greater  communicability  of  crown-gall  during 
the  first  year's  growth.  This  increase  takes  place  chiefly  at  the  time 
the  wounds  of  the  graft  union  are  healing.  The  same  does  not  apply 
so  well  to  forms  of  hairy-root,  which,  as  a  rule,  are  not  necessarily  con- 
nected with  the  graft  union,  but  occur  as  often  on  other  portions  of 
the  roots  of  grafted  trees. 

What  does  this  loss  from  poorly  fitted  root  grafts  mean  to  the 
nurseryman  ?  On  the  basis  of  15,000  trees  to  the  acre,  a  low  estimate, 
it  means  the  loss  of  2,355  marketable  trees  for  every  acre  of  apple 
trees.  If  trees  are  valued  at  8  cents  apiece,  it  means  the  loss  of 
$188.40  per  acre. 

The  use  of  scions  from  diseased  trees  increases  the  amount  of  disease. — 
It  has  been  the  custom  of  some  growers  of  grafted  apple  tree^  in  the 
central  United  States  to  grow  their  stock  three  years  before  market- 
ing it.  The  yearling  trees  are  cut  back  to  near  the  ground,  and  the 
tops  are  used  for  scions  in  making  root  grafts  for  the  next  season's 
planting.  A  portion  of  such  scions  must,  of  course,  come  from  trees 
with  diseased  roots.  vSorae  growers  cut  scions  directly  from  cull 
trees  in  the  nursery  bins,  many  of  which  are  diseased  with  cro^n- 
gall  and  hairy-root.  Others  plant  these  culls  in  their  scion  orchards 
and  later  cut  scions  from  them.  These  three  methods  of  selecting 
scions  must  be  condemned,  since  they  tend  to  increase  the  number 
of  diseased  trees  grown  from  orchard  grafts. 

In  order  to  test  the  effect  of  taking  scions  from  trees  with  diseased 
roots,  a  series  of  experiments  has  been  conducted,  in  which  scions 
were  taken  from  trees  with  both  healthy  and  diseased  roots. 

The  grafts  in  the  first  dnd  largest  experiment  were  planted  in  1905. 
The  trees  were  dug  in  1906,  at  the  age  of  2  years.  In  this  exjyeri- 
men  t  the  trees  used  were  grown  from  root  grafts  made  in  equal  number 
from  scions  taken  from  healthy  trees  and  from  those  diseased  with 
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crown-galL  The  varieties  used  were  Collins,  Wealthy,  York  Imperial, 
Gano,  and  Jonathan,  planted  and  grown  in  independent  plat  2  (see 
p.  78).  The  results  from  this  experiment  are  given  in  Table  XXVI, 
in  the  appendix. 

The  second  experiment,  in  which  the  trees  were  dug  in  1907,  at  the 
age  of  1  year,  was  made  in  independent  plat  3  (see  p.  78).  The  root 
grafts  were  made  with  scions  from  both  healthy  trees  and  those 
diseased  with  crown-gall  and  hairy-root.  The  results  are  given  in 
Tables  XX\ai  and  XXVIII. 

The  grafts  of  the  last  experiment  were  planted  on  the  clayey  soil 
in  independent  plat  4  (see  p.  78).  The  sets  of  root  grafts  were  made 
from  scions  taken  from  healthy  trees  and  from  those  diseased  with 
crown-gall  and  hairy-root.  The  results  of  this  experiment  are  given 
in  Tables  XXIX  and  XXX. 

These  experiments  show  a  decided  increase  of  disease  in  root- 
grafted  trees  grown  from  grafts  made  from  scions  from  apple  trees 
diseased  with  crown-gall  and  hairy-root  as  compared  with  those 
grown  from  scions  selected  from  healthy  trees.  This  increase  in 
the  different  experiments  is  as  follows: 

An  increase  of  crown-gall  in  the  first  experiment  of  2.2  per  cent, 
in  the  second  of  7.4  per  cent,  and  in  the  third  of  7.2  per  cent.  An 
increase  of  hairy-root  in  the  first  experiment  of  7.1  per  cent,  in  the 
second  of  12.5  per  cent,  and  in  the  third  of  16.3  per  cent. 

Although  this  increase  is  not  very  great,  it  is  cumulative  where 
the  process  is  repeated  year  after  year,  and  is  of  sufficient  importance 
to  deserve  the  careful  attention  of  every  nurseryman.  All  scions 
should  be  selected  from  healthy  trees,  and  the  same  observation  will 
no  doubt  apply  to  the  selection  of  buds  for  budding  where  the  twigs 
are  kept  dormant  in  cold  storage.  To  accomplish  this  means  that 
the  scion  orchard  must  be  grown  from  healthy  trees,  and  all  diseased 
trees  should  be  removed  from  the  scion  orchard  as  soon  as  detected. 

The  spread  of  the  disease  fro^m  tree  to  tree  in  nursery  rows  is  almost 
negligible  after  the  first  year. — In  experimenting  along  the  various 
lines  of  the  problem,  a  number  of  experiments  were  conducted  so 
that  all  conditions  would  be  equalized  as  nearly  as  possible,  and 
a  definite  proportion  of  the  trees  grown  in  nursery  rows  was  dug 
each  year  for  the  purpose  of  noting  the  spread  of  the  disease  in  the 
rows  from  tree  to  tree.  Three  sets  of  such  experiments,  designated 
as  experimental  sets  1,  2,  and  3,  were  conducted  in  cooperative 
plats  1  to  6. 

In  experimental  set  1  seven  duplicate  experiments,  each  using  grafts 
from  the  same  stocks  of  healthy  scions  and  seedling  roots,  were 
planted  in  four  equal  lots  in  cooperative  plats  1  to  4.  One-third  of 
the  trees  grown  from  these  root  grafts  were  dug  at  the  end  of  one  year, 

186 


54  THE  CEOWN-GALL  AND  HAIBY-BOOT  OF  THE  APPLE  TBEE. 

digging  every  third  tree;  one-half  of  the  remainder,  or  each  alternate 
tree,  were  dug  at  the  end  of  the  second  year,  and  the  remaining  trees 
were  dug  the  third  year.  The  combined  results  from  these  experi- 
ments are  given  in  Table  XXXI,  in  the  appendix. 

In  experimental  set  2  the  conditions  in  set  1  were  duplicated  and 
the  grafts  planted  in  cooperative  plat  6  in  1905.  One-third  of  the 
trees,  as  before,  were  dug  at  the  end  of  the  first  year,  but  at  the  end 
of  the  second  year  it  became  necessary  to  dig  the  remainder  on 
account  of  the  more  rapid  growth  of  the  trees  in  this  locality.  The 
results  from  this  experiment  are  given  in  Table  XXXII. 

In  experimental  set  3  the  conditions  of  set  1  were  duplicated  and 
the  grafts  planted  in  cooperative  plat  5  in  1905.  One-half  of  the 
trees,  selecting  each  alternate  tree  in  the  row,  were  dug  at  the  age  of 
2  yesivs  and  the  remainder  at  the  age  of  3  years.  The  results  from 
this  experiment  are  given  in  Table  XXXIII. 

The  results  from  the  three  sets  of  experiments  are  summarized  as 
follows: 

(1)  They  show  a  decrease  of  crown-gall  in  trees  in  nursery  rows 
after  the  first  year;  in  set  1  a  decrease  from  26.7  per  cent  the  first 
year  to  9.1  per  cent  the  second  and  to  4.7  per  cent  the  third;  in  set  2 
from  20  per  cent  the  first  year  to  12.8  per  cent  the  second;  in  set  3 
from  11.7  per  cent  the  second  year  to  2.6  per  cent  the  third. 

(2)  They  show  a  general  and  decided  increase  of  hairy-root  the 
second  year,  with  a  slight  or  no  increase  the  third.  In  set  I  there 
was  an  increase  from  5.5  per  cent  the  first  year  to  8.6  per  c^nt  the 
second  and  8.7  per  cent  the  tliird;  in  set  2  from  7.9  per  cent  the 
first  year  to  10.3  per  cent  the  second;  in  set  3  from  6.4  per  cent  the 
second  to  10.2  per  cent  the  third  year. 

(3)  The  increase  in  hairy-root  does  not  nearly  offset  the  decrease 
in  crown-gall  and  some  of  the  trees  must  throw  off  the  disease  and 
recover.  In  set  1  crown-gall  decreased  22  per  cent,  while  hairy-root 
increased  but  3.2  per  cent.  In  other  words,  the  number  of  diseased 
trees  decreased  18.8  per  cent.  In  set  2  crowTi-gall  decreased  7.2 
per  cent,  while  hairy-root  increased  2.4  per  cent,  and  of  diseased  trees 
there  was  3.8  per  cent  less.  In  set  2  the  percentage  of  crown-gall 
decreased  9.1,  while  that  of  hairy  root  increased  3.8,  and  of  diseased 
trees  there  was  a  decrease  of  5.3  per  cent. 

In  conclusion,  the  time  when  the  disease  is  communicated  to  the 
trees  is  during  the  first  year.  In  the  light  of  experiments  already 
described  the  communicable  period  must  be  during  the  time  of  the 
formation  of  callus  for  closing  the  wounds  in  the  union  of  scion  and 
root. 

These  experiments  show  that  crown-gall  as  a  rule  does  not  spread 
from  tree  to  tree  in  the  nursery  after  the  first  year  and  that  hairy-root 
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increases  considerably  from  the  first  to  the  second  year,  and  but 
slightly  the  third  year. 

The  disappearance  of  crown-gall  is  considered  to  be  due  to  two 
causes:  (1)  Some  of  the  hard  galls  throw  out  roots  and  develop 
into  wooUy-knot,  while  (2)  a  much  larger  number  of  galls  gradually 
disappear  as  the  tree  increases  in  size,  and  such  trees  must  recover 
from  the  disease. 

In  closing  the  discussion  of  this  subject  it  should  be  noted  that  the 
results  given  here  are  from  seven  parallel  sets  of  experiments  in  six 
localities,  or  forty-two  parallel  experiments  in  five  States,  and  include 
data  on  31,886  trees.  The  results  might  not  have  been  the  same  in  all 
localities  in  the  United  States,  but  certainly  fairly  represent  typical 
nursery  conditions  in  the  heart  of  the  apple-growing  belt  in  the  central 
States  of  the  Mississippi  Valley. 

Pruning  and  grafting  Icnives  are  not  responsible  for  much  of  the 
disease. — In  view  of  the  fact  that  it  has  been  asserted  that  crown- 
gall  is  lai^ely  communicated  by  the  use  of  pruning  and  grafting 
knives,  100  carefully  selected  seedlings  from  the  nursery  were 
washed,  thoroughly  dried,  and  planted  in  sterilized  soil  in  a  green- 
house (p.  77).  Before  being  planted  a  downward  cut  on  the  root 
near  the  ground  line  was  made  with  a  grafting  knife  which  had  in 
each  instance  just  been  used  in  making  a  cut  in  a  live  soft  apple  gall. 
The  greatest  care  was  exercised  to  see  that  the  knife  used  in  making 
the  cuts  in  the  seedlings  was  in  each  case  passed  back  and  forth 
through  a  fresh  crown-gall  before  the  cut  was  made.  For  compari- 
son, 100  healthy  seedlings  from  the  same  stock  were  planted  after 
being  carefully  washed  and  dried.  Before  planting,  a  cut  was  made 
in  each  of  these  seedlings  as  before,  except  that  in  each  instance 
the  knife  blade  was  dipped  in  a  one-tenth  per  cent  corrosive-sub- 
limate solution  before  making  the  cut.  At  the  end  of  the  growing 
season  4  per  cent  of  the  control  seedlings  had  developed  crown-gall 
and  only  2  per  cent  of  those  that  had  been  wounded  with  the  gall- 
infected  knife  were  similarly  diseased.  This  experiment  fails  to 
confirm  the  belief  that  the  grafting  knife  is  responsible  for  much  of 
the  crown-gall  present  in  root-grafted  stock  in  the  nursery. 

Croum-gaU  not  readily  communicated  to  dormunt  trees  stored  in 
bundles. — The  communicability  of  crown-gall  by  contact  of  healthy 
trees  with  diseased  ones  while  tied  in  the  same  bundle  has  been  the 
subject  of  much  dispute,  especially  between  nurserymen  and  nursery 
inspectors. 

The  experiments  conducted  in  cooperative  plat  6  in  1905  may 
throw  some  light  on  this  subject.  Two  sets  of  seedling  apple  trees, 
100  in  each,  were  inoculated  with  chips  of  living  soft  galls  from 
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apple  trees  inserted  into  slanting  incisions  in  the  roots  and  tied  i 
with  grafting  thread.  One  set  was  prepared  about  six  weeks  befoie 
planting  and  kept  dormant  by  being  stored  in  moist  excelsior  in  & 
cool  place;  the  other  was  prepared  in  the  same  way  as  the  first  anJ 
planted  out  immediately.  For  each  set  an  additional  set  of  an 
equal  number  was  wounded  and  wrapped  with  thread  without 
inoculating.  All  were  grown  one  year.  Of  the  inoculated  stored 
seedlings,  7.4  per  cent  became  diseased  with  croT^^-gall;  of  the 
control,  4.3  per  cent,  chiefly  of  the  hard  form ;  of  the  inoculated  sel; 
planted  immediately,  34.1  per  cent  became  diseased  with  crown- 
gall,  chiefly  of  the  soft  form;  and  of  the  control,  2.9  per  cent,  chiefly 
of  the  hard  form. 

In  a  second  experiment,  500  root  grafts  were  prepared  from  healthy 
scions  of  Wealthy  grafted  healthy  seedling  roots  as  a  control  set. 
A  similar  set  of  500  grafts  was  prepared  by  rubbing  the  tongued  end 
of  both  the  scion  and  the  root  pieces  on  the  freshly  cut  surface  of  & 
living  soft  gall  from  an  apple  tree  before  joining  together  the  cut,  a 
number  of  galls  being  used.  These  were  planted  in  the  nursery  after 
being  stored  for  six  weeks  in  separate  boxes  in  a  cool  cellar.  At  the 
end  of  one  season's  growth  there  w^as  approximately  the  same  amount 
of  disease  in  the  control  as  in  the  inoculated  sets,  the  control  con- 
taining about  19.5  per  cent  of  trees  diseased  with  crown-gall,  and, 
the   inoculated  set  21  per  cent,  both  chiefly  of  the  hard  form. 

The  results  of  the  these  experiments  indicate  that  the  communica- 
tion of  crown-gall  to  wounds  in  apple  trees  is  a  variable  factor  and 
that  the  contact  of  wounded  living  galls  with  wounded  surfaces 
when  dormant  may  result  in  little  or  no  infection,  but  that  under 
growing  conditions,  where  callus  is  formed  abundantly,  such  as 
resulted  at  once  where  the  seedlings  were  inoculated  with  pieces  of 
living  apple  galls  and  planted  inunediately,  the  disease  was  com- 
municated readily.  In  these  seedlings  growth,  with  the  formation 
of  callus,  took  place  at  once,  favoring  the  entrance  of  the  organism. 
In  the  case  of  tlie  stored  seedlings  and  grafts,  owing  to  the  low  temper- 
ature, the  formation  of  callus  was  retarded  at  least  one  month  before 
it  became  warm  enough  for  its  development. 

In  the  writer's  opinion,  given  in  the  light  of  the  results  of  these 
and  other  experiments  recorded  in  this  bulletin,  crown-gall  is  com- 
municable by  contact  only  in  wounds  where  fresh  callus  is  being 
formed.  Where  trees  are  dormant  there  is  little  danger  of  communi- 
cation. 

The  disease  only  slightly  communicaile  in  orchards. — Reference  ^ill 
again  be  made  to  orchards  1  and  2,  already  described.  A  statement 
of  the  condition  of  the  trees  in  these  orchards  at  the  beginning  of  the 

186 


COMMUNICABILITY   OF  THE  DISEASE.  57 

aqperiment  and  six  years  later,  when  the  trees  were  dug,  is  given  in 
rabies  XXXIV  and  XXXV,  in  the  appendix. 

The  results  from  the  experiments,  as  shown  in  Tables  XXXIV  and 
iCXXV,  are  as  follows:  The  orchards  were  planted  with  trees  50.1 
)er  cent  of  which  were  diseased  with  crown-gall.  At  the  close  of 
dx  years  40.5  per  cent  of  the  original  number  of  trees  was  diseased, 
>f  which  15.8  per  cent  was  diseased  with  crown-gall  and  24.7  per 
»nt  with  hairy-root. 

Of  416  trees  alive  at  the  end  of  six  years,  226,  or  54.3  per  cent, 
were  healthy,  as  compared  with  49.9  per  cent  of  the  original  number. 

In  order  to  further  analyze  the  results  of  the  experiment,  Tables 
SXXVI  and  XXXVII  are  given,  with  the  separate  record  of  the 
liealthy  and  diseased  trees  in  each  plat. 

From  these  tables  it  will  be  seen  that,  after  deducting  the  dead 
trees,  1  out  of  the  83  healthy  ones  in  orchard  1  had  become  diseased 
writh  crown-gall  and  18  with  hairy-root;  and  out  of  the  70  healthy 
trees  in  orchard  2,  10  had  become  diseased  with  crown-gall  and  29 
with  hairy-root;  but  it  was  noted  at  the  time  of  digging  that  in 
every  case  the  amount  of  disease  on  the  newly  infected  trees  was 
Blight,  the  badly  diseased  trees  in  the  plat  after  six  years  being 
few  in  number  and  among  those  that  were  originally  diseased.  In 
comparison  with  this  increase  of  disease  it  must  be  noted  that,  after 
deducting  the  number  of  dead  trees,  out  of  96  diseased  trees  planted 
in  orchard  1,  32  fully  recovered  and  out  of  139  diseased  trees  planted 
in  orchard  2,  41  recovered  entirely.  In  other  words,  where  58  trees 
became  slightly  diseased,  11  with  crown-gall  and  47  with  hairy-root, 
73  trees  recovered  from  crown-gall  during  the  same  period  without 
any  treatment  whatever. 

This  slight  communicability  shown  by  traces  of  disease  is  cer- 
tainly almost  negligible  from  the  standpoint  of  the  orchardist  and 
must  have  occurred  during  the  first  growing  season,  since  great  care 
was  taken  not  to  wound  the  trees  by  cultivation.  The  experiment 
certainly  indicates  that  apple  trees  when  they  are  once  established 
are  not  in  danger  of  becoming  seriously  diseased  on  the  roots  if 
cultivated  carefully  and  without  incurring  wounds,  even  when 
every  tree  9  feet  away  in  the  adjacent  rows  is  diseased,  as  in  the 
experiment.  There  appears,  then,  no  need  of  removing  diseased 
trees  from  orchards,  except  when  they  are  not  doing  well;  that  is, 
when  they  show  every  indication  of  becoming  unprofitable  or  when 
there  is  danger  of  communicating  the  disease  to  valuable  small  fruits. 
The  matter  of  communicability  as  it  applies  to  other  apple  trees  in 
the  orchard  need  hardly  he  considered  when  the  question  of  removal 
is  being  taken  into  account. 
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PBEVENTION  AND  CX7B£. 

PROBABLE   FUTILITY   OF   ATTEMPTS   AT   PREVENTIO?f- 

Numerous  recommendations  have  been  made  from  time  to  time 
by  plant  pathologists  and  others  looking  toward  the  prevention  of 
crown-gall  by  the  removal  of  supposed  sources  of  infection.  These 
recommendations  were  made  not  specifically  for  the  apple  disease  but 
for  crown-gall  in  general.  Advice  has  generally  been  given  to  obtain 
nursery  trees  as  far  as  possible  from  nurseries  free  from  disease.  It 
has  generally  been  considered  that  the  planting  of  trees  affected  with 
crown-gall  and  hairy-root  is  liable  to  give  rise  to  diseased  trees 
throughout  the  orchard.  In  spite  of  the  most  vigorous  nurseiy 
inspection  for  a  number  of  years  in  many  States  the  disease  on  apple 
trees  is  quite  generally  disseminated  throughout  the  United  States, 
and  the  writer  knows  of  no  apple-growing  nursery  that  is  entirely  free 
from  the  forms  of  disease  described  in  this  bulletin. 

Although  much  advice  has  been  given  for  the  prevention  of  the 
disease,  little  in  the  way  of  successful  experimentation  along  this  line 
has  been  done  hitherto.  Butz  (7)  planted  healthy  trees  in  infected 
land  to  which  finely  powdered  sulphate  of  copper  had  been  added. 
On  account  of  the  death  of  most  of  the  trees,  attributed  to  a  serious 
drought,  he  was  unable  to  make  any  generalization  regarding  the 
efficiency  of  this  treatment.  Sulphur  used  by  him  in  the  same  way 
had  no  effect  in  retarding  the  disease. 

Popenoe  (45),  in  speaking  of  attempts  made  by  growers  in  Kansas 
to  prevent  loss  by  apple  crown-gall,  says: 

It  has  been  the  hope  of  some  nurserymen  to  prevent  the  large  p^centage  of  loff 
from  diseased  stock  by  planting  their  apple  grafts  in  localities  and  soil  not  before 
in  apple  trees,  but  in  some  notable  cases  coming  under  my  observation  within  the 
last  few  years  this  endeavor  has  failed  signally  of  the  object. 

The  writer  personally  knows  of  similar  experiences  by  nurserymen 
in  a  number  of  localities  in  Kansas,  Nebraska,  Missouri,  and  Iowa. 

The  writer  has  conducted  a  number  of  experiments  along  the  line 
of  prevention  and  cure.  Some  of  these  have  resulted  in  materially 
lessening  the  amount  of  disease  present  in  nursery  stock.  The  results 
will  be  given,  in  the  hope  that  they  will  effect  a  great  saving  not  only 
to  nurseymen  but  to  orchardists  as  well. 

As  a  result  of  many  observations  in  nearly  three-fourths  of  the 
States  in  the  Union  the  writer  is  of  the  opinion  that  the  crown-gall 
organism  is  so  widely  disseminated  that  any  system  of  eradication 
must  fail. 

In  discussing  methods  to  control  and  limit  the  formation  of  crown- 
gall  and  hairy-root  on  apple  trees  in  nurseries  and  orchards,  the 
the  subject-matter  will  be  brought  under  two  general  headings,  one 
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ealing  with  methods  for  the  control  of  the  disease  in  the  nursery, 
Jdd  th.e  other  with  methods  for  its  control  in  the  orchard. 

SCBT'^ODS   FOE  THE   CONTEOL  OF  THE   DISEASE   IN   NURSERY   BINS. 

Since  it  has  been  found  that  apple  crown-gall  is  communicable,  and 
l>e  transferred  from  the  apple  to  the  stone  fruits,  the  raspberry, 
blackberry,  the  rose,  the  grape,  etc.,  and  vice  versa,  nurserymen 
diould  at  the  time  of  digging  pick  out  and  remove  all  plants  diseased 
9^tli  crown-gaU.  They  should  not  be  tied  in  bundles  with  other 
plants^  owing  to  the  slight  possibility  of  transferring  the  disease  to 
liealthy  wounded  plants.  In  the  case  of  apple-root  grafts  it  has 
been  shown  that  they  are  most  susceptible  at  the  time  the  graft  is 
forming  callus  and  is  uniting.  Care  should  be  taken  to  keep  the 
nursery  bins,  especiaUy  where  material  for  root  grafts  is  kept,  free 
from  diseased  plants.  It  is  best  to  clean  all  nursery  bins  and  thor- 
oughly spray  them  with  a  strong  solution  of  copper  sulphate  each 
year  before  the  time  for  storing  trees  for  the  winter. 

PROPAGATION   OF   SUSCEPTIBLE   VARIETIES   OF   APPLE   TREES    BY 

BUDDING. 

It  has  been  shown  elsewhere  in  this  bulletin  that  in  most  sections 
of  the  country  where  apple  trees  are  propagated,  both  by  budding 
and  by  root  grafting,  budded  trees  are  freest  from  disease.     For  this 
reason  it  is  advisable  to  propagate  those  trees  most  subject  to  crown- 
gall  and  woolly-knot  by  budding.     There  is  an  objection  offered  to 
budding  on  account  of  the  necessity  for  growing  the  trees  a  year 
longer.     The  additional  cost  for  this  extra  year  may  be  more  than 
offset  by  the  increased  number  of  healthy  trees  obtained  by  this 
method.     The  additional  loss  from  woolly  aphis  during  the  last  year 
of  growth  in  the  nursery  is  asserted  by  many  nurserymen  to  be  so 
great  in  some  localities  as  to  preclude  budding.     If  such  nurserymen 
wiU  consult  with  the  Bureau  of  Entomology  of  this  Department  as  to 
the  proper  method  of  combating  and  controlling  this  troublesome 
insect  pest  by  fumigation,  etc.,  means  will  be  found  by  which  this  loss 
may  be  greatly  diminished,  and  propagation  by  budding  in  the  case 
of  varieties  susceptible  to  crown-gall  will  become  profitable. 

IMPROVEMENT   IN   METHODS   OF   ROOT   GRAFTING. 
SELECTION   OF  HEALTHY   SCIONS   NECESSARY. 

In  the  control  of  any  disease  that  might  be  transmitted  through 
root  grafts  it  is  perfectly  logical  to  demand  that  the  pieces,  both 
scion  and  root,  that  are  built  into  the  root  grafts  should  ba  healthy. 
It  has  been  shown  on  page  23  that  there  is  an  increase  in  disease  due 
to  taking  apparently  healthy  scions  from  trees  whose  roots  are  dis- 
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eased.  Growers  of  root-grafted  trees  will  make  no  mistake  if  theyi 
insist  on  getting  scions  from  strictly  healthy  trees,  and  they  shouldl 
grow  their  own  healthy  scions  if  possible. 

SELECTION   OF  HEALTHY  SEEDLING  ROOTS  NECESSARY. 

The  selection  of  healthy  seedling  trees  from  which  roots  are  to  be 
taken  for  root  grafts  is  of  prime  importance  to  the  grower.  It  has 
already  been  shown  by  experiment  that  the  selection  of  roots  from 
seedling  trees  diseased  with  hairy-root  often  results  in  the  growth 
of  a  tree  with  diseased  and  deformed  roots  (PL  VII,  figs.  3  and  4)> 
one  which  is  unmarketable,  even  though  in  many  cases  it  would  no 
doubt  develop  into  a  profitable  tree  in  the  orchard.  It  is  not  profit- 
able to  grow  diseased  trees  or  to  be  the  distributor  of  diseased  stock. 

It  has  also  been  shown  by  experiment  that  it  is  not  best  to  u^ 
the  apparently  healthy  portion  of  a  seedling  root  which  bears  a  soft 
gall.  The  use  of  such  stock  will  certainly  result  in  an  increase  of 
this  form  of  disease  and  can  not  be  profitable. 

Finally,  it  must  be  said  to  growers  of  seedling  apple  trees  that 
when  the  seedlings  are  dug,  all  rough,  warty,  hairy,  or  tufted  seed- 
lings should  be  rejected  and  destroyed  (PL  III,  fig.  1,  and  PL  IX,  fig. 
2,  G  and  fl).  As  a  matter  of  precaution,  they  should  not  be  tied  up 
with  healthy  seedlings.  Nurserymen  purchasing  seedlings  for  mak- 
ing root  grafts  should  insist  on  this. 

CAREFUL   FITTING    OF   ROOT  GRAFTS   NECESSARY. 

The  influence  of  a  projecting  scion  in  the  formation  of  excessive 
callus  and  the  liability  of  such  callus  through  infection  to  develop  into 
crown-gall  has  already  been  discussed.  It  will  pay  nurserymen  to  put 
a  premium  on  neat,  close-fitting  tongue  grafts  made  at  a  reasonably 
rapid  rate  rather  than  to  encourage  the  rapid  manufacture  of  a 
poorly-fitted  graft  with  the  scion  projecting  at  the  union  or  with  one 
made  too  blunt  at  the  lower  end,  such  as  are  shown  in  Plate  IX, 
figure  2,  C  and  Z>.  The  best  results  with  the  least  amount  of  dis- 
ease will  be  secured  by  the  use  of  No.  1  unbranched  seedUng  roots 
upon  whicli  there  have  been  closely  and  smoothly  fitted  scions  of 
equal  diameter,  properly  wrapped.  The  stress  of  competition  in 
recent  years  has  led  to  increased  carelessness  in  the  manner  in  which 
root  grafts  have  been  put  together  and  to  the  use  too  often  of  infeiior 
roots  and  scions. 

EXPERIMENTS   ON   THE   BEST  METHODS  OF  WRAPFINO   ROOT  GRAFTS. 

Mention  has  been  made  of  the  tendency  of  root  grafts  to  form 
excessive  callus  at  the  lower  tip  of  the  scion  when  stored  under  moist 
conditions  in  sawdust,  excelsior,  moss,  and  other  similar  materials. 
Where  the  two  pieces  of  the  graft  are  snugly  fitted,  there-  is  UttJe 
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endency  for  the  callus  to  form  anywhere  except  in  the  mtervening 
paces.  When  the  pieces  are  more  or  less  imperfectly  fitted  and  are 
tot  firmly  held  together,  especially  at  the  lower  end  of  the  scion,  there 
3  a  tendency  for  the  callus  to  grow  out  into  the  air,  forming  thick 
ushions  (PL  VIII,  fig.  2)  or  gall-like  outgrowths.  The  wrappings 
rere  planned  to  confine  this  formation  of  callous  and  to  hasten  the 
tmon  between  scion  and  root  pieces. 

In  order  to  find  a  method  of  controlling  the  formation  of  callus, 
!5,200  root  grafts  were  wrapped  with  various  materials  (PI.  VIII, 
ig.  1)  during  the  winter  of  1904-5.  The  idea  of  wrapping  root 
;rafts  is  not  a  new  one,  since  nurserymen  used  both  waxed  cloth  and 
raxed  pfiper  for  many  years  before  the  present  method  of  thread 
Trapping  came  into  vogue. 

All  of  the  grafts  made  for  the  experiment  were  of  the  type  known 
is  "whip"  or  "tongue'*  grafts.  They  were  especially  well  made 
rom  No.  1  Kansas  roots,  fitted  with  a  selected  lot  of  scions  from 
«ch  of  the  following  varieties:  Winesap,  York  Imperial,  Wealthy, 
Missouri,  and  Northern  Spy.  They  were  made  in  February,  packed 
n  moist,  chopped  excelsior,  and  stored  in  a  cool  place  for  about  six 
ireeks. 

The  manner  in  which  the  wrapping  was  made  and  the  material 
ised  may  be  briefly  described  as  follows: 

Wrapping  with  cloth. — The  cloth  used  was  a  cheap  black  calico  of 
the  poorest  grade  obtainable  in  the  market.  (See  PI.  VIII,  fig.  ly  G.) 
This  was  torn  into  strips  1  inch  wide  and  4  or  5  inches  long.  After 
the  graft  was  made  one  end  of  the  cloth  was  dipped  for  one-half  inch 
into  hot,  melted  grafting  wax.  Starting  with  the  other  end,  the 
doth  was  then  wrapped  tightly  around  the  scion  and  the  free  waxed 
end  pressed  down.    This  completed  the  operation. 

Wrapping  with  rubber. — The  rubber  used  was  of  a  quality  similar 
to  dental  rubber,  which  is  also  frequently  used  for  insulating  wires. 
(See  PI.  VIII,  fig.  I,  E.)  It  was  bought  in  rolls  1  inch  \\dde  and  was 
cut  off  in  such  lengths  as  were  necessary  to  completely  envelop  the 
union.  The  rubber  was  usually  wrapped  so  as  to  encircle  the  union. 
twice,  and  the  free  end  was  fastened  with  rubber  cement  applied 
with  a  brush. 

Wrapping  with  waxed  paper. — Sheets  of  ordinary  unglazed  printei-s* 
paper  were  waxed  on  one  side  by  coating  them  with  hot  grafting  wax 
applied  with  a  paint  brush.  (See  PI.  VIII,  fig.  1,  (j.)  They  were 
then  cut  into  1-inch  strips,  ten  to  twenty  sheets  being  cut  at  one 
time,  and  these  again  into  strips  about  4  or  5  inches  long!  One  paper 
strip  was  then  wrapped  around  the  union,  the  waxed  side  toward  the 
graft,  the  free  end  being  stuck  down  by  pressing  on  it. 

Wrapping  with  plain  thread. — The  thread  used  for  the  ordinary 
grafts  was  machine  cotton  No.  9.     (See  PI.  VIII,  fig.  1,  ^.) 

180 


62  THE  CKOWN-GALIi  AND  HAIBY-HOOT  OF  THE  APPLE  TREE. 

Wrapping  vnth  vxixed  thread. — ^The  ^axed  thread  used  was  machu 
cotton  No.  28.  This  was  soaked  in  hot  grafting  wax  until  tho 
oughly  penetrated  and  was  then  allowed  to  drain  while  hot.  @ 
PL  VIII,  fig.  1,  i?.) 

Waxing  the  union. — Ordinary  grafts  were  made  with  plain  threai 
wrapped  as  previously  described,  and  then  the  union  of  scion  ar 
root  was  coated  with  melted  grafting  wax  nearly  at  the  poin^  < 
hardening.     (See  PI.  VIII,  fig.  1,  S.) 

Ummrapped  grafts. — The  grafts  left  without  wrapping  of  any  im 
were  made  with  special  care,  so  that  when  the  roots  and  scions  v^^ 
joined  they  remained  quite  firmly  united.     (See  PI.  VIII,  fig.  1,  F.V 

Results  of  experiments. — ^As  these  root  grafts  were  made  they  wn 
divided  into  eight  equal  duplicate  sets.  One  set  was  planted  in  Api) 
1905,  in  each  of  the  cooperative  plats  1  to  8.  (For  description  see| 
78.)  All  plats  showed  a  fair  stand  in  November,  1905.  The  trel 
grown  from  these  grafts  made  with  No.  1  seedlings  and  scions  corti 
sponding  in  diameter  were  from  the  beginning  lai^r  and  more  vigor 
ous  than  any  other  lot  of  trees  planted  at  the  same  time  in  otM 
parallel  experiments  in  which  No.  2  seedling  roots  were  used.  Thi 
was  the  case  even  where  scions  of  the  same  varieties  were  used 
This  proves  that  No.  1  seedlings  are  the  best  for  root  grafting. 

In  cooperative  plats  1  to  4,  one-third  of  the  trees  were  dug  at  thi 
end  of  one  year,  taking  every  third  tree  in  each  row;  one- third  at  th 
end  of  the  second  year,  taking  each  alternate  tree  in  the  row;  and  th 
remaining  trees  at  the  end  of  the  third  year.  The  results  from  thcal 
plats,  designated  as  experiment  1,  are  given  in  Table  XXXVTII,  ii 
the  appendix. 

Of  the  trees  in  cooperative  plat  6,  one-third  were  dug  at  the  evi 
of  one  year,  taking  every  third  tree  in  each  row,  and  the  remainioi 
trees  at  the  end  of  two  years.  The  results  from  this  plat,  designated 
as  experiment  2,  are  given  in  Table  XXXIX. 

Of  the  trees  in  cooperative  plat  6,  one-half,  taking  each  altemaH 
tree  in  the  row,  were  dug  at  the  end  of  the  second  year  and  the  remaiD- 
ing  trees  at  the  end  of  the  third  year.  The  results  from  this  experi- 
ment, which  is  designated  as  experiment  3,  are  given  in  Table  XL. 

All  of  the  trees  in  cooperative  plats  7  and  8  were  dug  at  the  age  d 
2  years.  The  results  from  these  plats,  designated  as  experiment  4, 
are  given  in  Table  XLI. 

In  order  to  show  the  general  results  from  each  kind  of  wrapping 
on  1-year-old,  2-year-old,  and  3-year-old  trees,  the  results  from  the 
four  experiments  are  combined  in  Table  XLII. 

Finally,  the  results  of  the  four  wrapping  experiments  in  cooperative 
plats  1  to  8  are  summarized  in  Table  XLIII  for  convenience  in  com- 
parison and  in  summing  up  the  results, 

18C 


PREVENTION   AND   CURE.  63 

There  were  planted  3,600  root  grafts  with  each  kind  of  wrapping. 
le  percentage  of  healthy  trees  grown  from  each  set,  given  in  order 
>m  the  highest  to  the  lowest,  is  as  follows:  Cloth,  78.2;  rubber, 
.4;  waxed  paper,  62.5;  waxed  thread,  60.5;  plain  thread,  60.3;  no 
npping^  49.6;  and  wax  covered,  28.5. 

The  results  from  this  series  of  experiments  are  comparable,  con- 
iering  the  varying  physical  conditions  of  the  plats  in  which  the 
9es  were  grown,  since  other  conditions  were  similar.  There  is  but 
slight  variation  in  the  experiments  in  the  percentage  of  trees  dis- 
Bed  in  the  case  of  each  kind  of  wrapping.  It  is  for  this  reason  that 
c  results  from  each  experiment  are  given  separately. 
The  conclusions  taken  from  the  experiment  as  a  whole  are  these : 
loth  is  the  best  wrapping  to  use.  Rubber  is  almost  equal  to  cloth, 
it  its  cost  is  prohibitive.  Waxed  paper  is  a  little  better  than 
dinary  thread  wrapping,  which  is  again  better  than  waxed  thread. 
ie  other  two  methods  are  not  worth  considering. 
The  percentage  of  trees  in  each  set  lost  by  disease,  considering  each 
Beased  tree  as  a  cull,  is  as  follows:  Cloth,  12.1 ;  rubber,  15.7;  waxed 
iper,  22;  plain  thread,  25;  waxed  thread,  28.6;  no  wrapping,  31.5; 
id  wax  covered,  38.2.  These  percentages  do  not  include  the  root 
'afts  that  died. 

The  best  way  to  consider  the  results  of  the  experiment  from  the 
irseryman's  standpoint  is  to  estimate  the  number  of  healthy  trees 
>  the  acre  that  would  be  obtained  by  each  method  of  wrapping.  Not 
Mirly  all  root  grafts  that  are  planted  grow.  Many  die  before  they 
rike  root,  owing  to  various  causes,  such  as  the  breaking  of  the  callus 
I  the  union  by  careless  bundling,  poor  soil,  and  conditions  at  the 
me  of  planting,  etc.  If  15,000  root  grafts  are  required  to  plant  an 
5re,  the  number  of  healthy  trees  to  be  obtained  from  each  kind  of 
rapping,  on  the  basis  of  the  results  from  this  experiment,  is  as 
allows:  Cloth,  11,730;  rubber,  10,610;  waxed  paper,  9,375;  waxed 
iread,  9,075;  plain  thread,  9,045;  no  wrapping,  7,440;  and  wax 
)vered,  4,275. 

If  apple  trees  are  worth  8  cents  each  wholesale,  the  gain  from 
xe  use  of  cloth  wrapping  as  compared  to  the  ordinary  plain  thread 
Tapping  is  2,685  trees,  or  $214.80  per  acre. 

Attention  is  called  to  the  fact  that  to  get  the  best  results  any 
Tapping  must  hold  the  parts  firmly  together  and  that  the  union 
iould  be  entirely  covered,  especially  the  lower  end  of  the  scion  piece. 
t  should  also  be  noted  that  the  cloth  used  was  not  waxed  cloth,  but 
rdinary  cloth,  a  cheap  calico  without  wax,  except  to  fasten  down 
le  end.  Waxed  cloth  may  serve  its  purpose  in  preventing  excessive 
>nnation  of  callus  and  in  keeping  out  germs,  but  often  does  not  rot 
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away  soon  enough  to  prevent  a  constriction  of  the  tree  at  the  pdntj 
of  wrapping. 

It  is  suggested  where  cloth  or  cheap  calico  is  used  for  wrapping 
that  sections  of  the  proper  width  be  cut  from  the  end  of  a  bolt  of 
cloth,  using  an  ordinary  lever  paper  trimmer,  such  as  is  found  in 
printing  shops.  This  will  give  narrow  strips  of  cloth  which  can  be 
placed  on  a  reel  in  front  of  the  wrapper.  In  nursery  practice  it  his 
been  found  best  and  quickest  to  secure  the  end  of  the  cloth  after 
the  graft  has  been  wrapped  by  tying  it  with  a  half  hitch  instead  of 
waxing  it  down.  In  no  case  should  the  cloth  or  any  other  wrapping 
be  secured  by  drawing  it  under  the  end  of  the  scion  tongue,  because 
anything  placed  at  this  point  will  act  as  a  disturbing  element  and 
tend  to  increase  the  formation  of  callus  and  to  permit  the  develop- 
ment of  crown-gall. 

LATER   EXPERIMENTS   IN   WRAPPING   ROOT  GRAFTS. 

A  number  of  nurseries  tried  wrapping  with  cloth  in  1908,  and  all 
that  have  reported  to  this  office  obtained  good  results.  Some  also 
report  good  results  with  waxed  cloth  and  waxed  paper. 

Some  nurserymen  use  raffia  in  place  of  thread  for  wrapping  root 
grafts  with  good  success.  The  method  they  use  in  wrapping  is  shovn 
by  Plate  VIII,  figure  1,  /.  In  a  small  experiment  in  a  greenhouse 
in  1906  raffia  was  found  to  be  equally  as  good  a  wrapping  as  cloth 
when  used  as  shown  in  Plate  VIII,  figure  1,  H.  There  are  two  objec- 
tions to  the  use  of  either  cloth  or  raffia.  The  first  is  the  increased  ex- 
pense of  wrapping ;  the  second  is  that  neither  is  applied  by  the  ordinan* 
wrapper,  who  is  usually  a  boy,  in  an  effective  manner.  The  lover 
end  of  the  scion  is  often  not  bound  down  closely,  allowing  the  for- 
mation of  abundant  callus  and  defeating  the  very  purpose  for  which 
the  cloth  and  raffia  are  intended. 

As  to  what  constitutes  an  ideal  wrapping  for  root  grafts  the  writer 
has  repeatedly  put  himself  on  record  in  these  words: 

An  ideal  wrapping  should  hold  the  root  and  scion  pieces  together  firmly  till  the 
root  graft  has  been  planted  in  the  nursery  row.     It  should  then  rot  quickly  away. 

The  superiority  of  cloth  as  a  wrapping  has  resulted  in  the  invention 
by  two  different  persons,  one  in  Missouri  and  one  in  Alabama,  of » 
continuous  thread  wrapping  for  grafts,  which  is  applied  evenly  and 
closely  over  the  surface  of  the  union,  just  as  thread  is  wound  on  a 
spool,  and  which  is  apparently  superior  to  either  cloth  or  raffia. 
(See  PI.  IX,  fig.  2,  B.)  In  1908  a  test  was  made  of  this  continuous 
thread  wrapping  for  root  grafts  in  comparison  with  the  ordinarr 
thread  wrapping.  (See  PI.  IX,  fig.  2,  A.)  Five  hundred  apple  grafts 
were  prepared  in  each  manner,  using  scions  from  the  Wealthy  apple,  a 
variety  very  susceptible  to  crown-gall  and  hairy-root.     The  grafts 
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were  planted  on  the  Arlington  Experimental  Farm  of  this  Depart- 
ment and  grown  for  one  season  in  a  moist,  stiff,  heavy,  clayey  soil. 
The  results  were  as  follows: 

Of  a  total  of  470  trees  grown  from  grafts  with  continuous  fine  thread 
wrapping,  38.1  per  cent  was  diseased  with  crown-gall  and  16.8  per 
cent  with  hairy-root.  Of  a  total  of  419  trees  grown  from  grafts  with 
ordinary  fine-thread  wrapping,  48.7  per  cent  was  diseased  with 
crown-gall  and  25.2  per  cent  with  hairy-root.  This  is  a  difference 
of  19  per  cent  in  favor  of  the  new  thread  wrapping,  aside  from  an 
increase  in  the  stand  of  10.2  per  cent,  indicating  that  it  will  probably 
prove  to  be  as  good  as  cloth,  if  not  better.  The  new  thread  wrapping 
when  applied  with  a  machine  made  for  the  purpose  can  be  used  with 
far  greater  rapidity  than  any  wrapping  hitherto  in  use,  and  as  it 
holds  the  union  more  firmly  together  it  is  destined,  for  this  reason 
alone,  to  supersede  the  ordinary  wrapping. 

None  of  the  forms  of  wrapping  mentioned  will  prevent  the  forma- 
tion of  galls  and  of  woolly-knot  on  the  scion  of  a  root  graft  above  the 
union,  since  these  occur  above  the  wrapping,  especially  in  such  varie- 
ties as  the  Wealthy  (PL  II,  fig.  3).  In  the  case  of  Wealthy  trees, 
Buch  occurrence  of  disease  on  the  scion  often  equals,  or  even  exceeds, 
that  at  the  union,  as  was  noted  in  the  foregoing  experiment.  To 
reduce  this  loss,  budding  or  top-grafting  must  be  resorted  to,  since 
wrapping  reduces  only  the  disease  occurring  on  the  union.  In  the 
nursery  top-grafting  is  not  practicable,  owing  to  the  amount  of  time 
that  it  consumes.  The  additional  labor  adds  to  the  expense,  so  as 
to  make  the  process  unprofitable  for  the  grower;  not  so  with  the 
orchardist  who  grows  a  few  trees  and  who  wishes  to  take  the  time. 
The  Walbridge  is  a  good,  vigorous-growing  tree,  quite  free  from 
crown-gall,  and  is  recommended  as  a  good  stock  for  top-grafting 
with  the  Wealthy  in  an  orchard.  The  Walbridge  and  the  Wealthy 
are  hardy  with  reference  to  cold,  and  such  a  combination  of  scion 
and  rootstalk  should  do  well  in  the  northern  apple-growing  States 
in  the  Mississippi  Valley,  such  as  Nebraska,  Iowa,  and  other  States 
in  the  same  latitude. 

THE  USE  OF  WEAK  ANTISEPTICS  FOR  THE  PREVENTION  OF  DISEASE   IN 

ROOT   GRAFTS   OF   DOUBTFUL   VALUE. 

At  various  times  a  number  of  nurserymen  have  tried  dipping 
scions  and  seedling  roots  in  weak  solutions  of  copper  sulphate, 
either  before  or  after  making  them  into  root  grafts.  Those  who 
have  experimented  have  reported  little  or  no  results  in  the  prevention 
of  disease. 

In  order  to  test  the  use  of  copper  sulphate,  an  experiment  was 
conducted  with  two  equal  sets  of  root  grafts,  planted,  prepared,  and 
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grown  under  the  personal  supervision  of  the  writer.  Both  the  scionfi 
and  the  seedling  roots  were  grown  in  Virginia.  The  reason  tiie 
stock  was  obtained  from  Virginia  is  that  certain  writers  have  in-  i 
sisted  that  most  of  the  Crown-gall  comes  from  the  West,  especiallj 
from  Kansas.  Scions  were  taken  of  the  following  varieties:  Wealthy, 
Gano,  and  Northern  Spy.  Before  cutting  it  up  into  pieces  for  the 
root  grafts  two-fifths  of  the  stock,  both  scions  and  seedlings,  were 
dipped  and  thoroughly  washed  in  a  2  per  cent  solution  of  copper  sul- 
phate in  water.  The  grafts  were  made  in  the  ordinary  mann^*  of 
making  commercial  whip  grafts,  except  that  care  was  used  in  fitting 
the  scion  and  root  pieces  together.  The  results  of  the  experim^[it 
are  given  in  Table  XLIV,  in  the  appendix. 

The  results  show  a  considerable  decrease  of  crown-gall  and  haiiy- 
root  (13.8  per  cent)  in  the  case  of  the  trees  grown  from  disinfected 
stock,  but  this  is  more  than  oflFset  by  the  decreased  stand,  which  was 
less  than  one-half  of  that  of  the  untreated  trees.  It  is  quite  probable 
that  there  was  enough  copper  sulphate  present  to  interfere  with  the 
formation  of  the  union  in  the  graft,  and  it  may  yet  be  found  that  Uie 
use  of  a  more  dilute  solution  will  prove  beneficial.  The  experiment 
at  least  paves  the  way  for  further  experimentation  along  this  hne 
with  less  concentrated  solutions.  Many  of  the  scion  pieces  treated 
in  the  experiment  died,  while  the  seedling  roots  lived,  thus  indicating 
an  imperfect  formation  of  callus  in  the  union,  probably  due  to  the 
action  of  the  poison. 

PACKING   AND   STORING   BOOT   GRAFTS. 

There  can  be  no  question  but  that  the  packing  and  storing  of  root 
grafts  before  planting  are  of  vital  importance  in  the  prevention  of 
disease.  Care  should  be  taken  to  use  fresh  new  packing  for  this 
purpose,  avoiding  the  use  of  material  or  boxes  which  have  been  used 
for  packing  trees  that  may  have  been  diseased.  The  time  of  forma- 
tion of  callus  in  the  root  graft  is  the  most  critical  in  the  growth  of  the 
tree,  and  for  this  reason  the  grafts  should  be  cared  for  with  the 
greatest  solicitude. 

In  order  to  prevent  the  excessive  formation  of  callus,  which  pre- 
disposes the  grafts  to  attacks  of  the  disease,  it  will  be  necessary  to 
follow  one  of  two  procedures.  The  best  method  is  to  pack  the  grafts 
in  clean  moist  sand,  and  after  a  few  days'  favorable  growing  tempera- 
ture store  them  in  cold  storage  but  slightly  above  freezing,  keeping 
them  there  until  planting  time.  Good  results  may  be  obtained  by  a 
second  method,  in  which  a  cool  cellar  is  used  for  the  immediate  storage 
of  root  grafts  as  fast  as  they  are  made.  This  method  answers  well  if 
the  temperature  of  the  cellar  can  be  kept  at  about  40®  to  46°  F.,  so 
that  callus  will  form  very  slowly  and  the  growth  of  shoots  and  roots 
will  be  held  back. 
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For  the  proper  development  of  callus  in  apple  grafts,  as  already 
antioned,  it  was  found  that  sand  was  the  best  material  for  packing. 
le  materials  used  in  the  experiment  were  steam  sterilized.  It  will 
t  be  easy  to  thoroughly  sterilize  sand  in  the  nursery  unless  improved 
ichinery  is  invented,  but  with  a  little  ingenuity  in  the  arrangement 
perforated  steam  pipes  through  the  sand  container,  whether  it  be 
box  or  a  bin,  most  of  the  sand  in  use  can  be  sterilized.  Moss  or 
celsior  can  easily  be  sterilized  more  or  less  thoroughly  by  putting 
in  a  barrel  or  box  and  passing  through  it  live  steam  from  a  pipe. 
ds  will  rid  the  packing  material  of  fungi,  a  number  of  which  are 
and  attacking  grafts  improperly  stored.  Two  such  fungi  are  cer- 
inly  species  of  Botrytis  and  Fusarium.    . 

TIME   OF  PLANTING  ROOT   GRAFTS. 

If  root  grafts  are  put  in  cold  storage  they  can  be  held  in  good 
ndition  till  the  proper  time  for  planting  in  the  spring.  If  the 
cilities  for  holding  back  growth  in  root  grafts  are  poor,  then  early 
anting  is  necessary.  Do  not  allow  the  root  grafts  to  form  exces- 
re  ciJlus  and  start  to  grow  (PL  VIII,  fig.  2).  In  the  writer's 
periments  the  highest  percentage  of  crown-gall  occurred  under 
€h  conditions. 

CARE   IN  THE   CULTIVATION   OP  TREES   IN  THE   NURSERY. 

It  has  been  shown  that  root  grafts  acquire  crown-gall  chiefiy 
iring  the  first  season's  growth  and  that  much  of  the  crown-gall 
1.  II,  fig.  3)  and  wooUy-knot  (PI.  VI,  fig.  5)  on  certain  varieties, 
ich  as  the  Wealthy,  occurs  on  the  scion  portion  of  grafted  trees 
^ar  the  surface  of  the  soil.  An  examination  of  such  galls  usually 
lows  the  presence  of  a  wound  in  the  tissues  at  the  base  of  each, 
his  wound  was  evidently  made  with  a  hoe  in  cutting  out  weeds  in 
\B  row  while  the  trees  were  young.  For  this  reason  care  should  be 
Jcen  to  avoid  wounding  trees  in  cultivation. 

When  apple  seedlings  have  been  budded  care  should  be  taken  not 
>  ridge  the  dirt  about  the  trees  until  the  bud  wounds  have  at  least 
irtially  healed.  If  the  trees  are  cultivated  immediately  after  bud- 
ing,  crown-gall  is  often  communicated  to  the  callus  forming  in  the 
tsh  wound.  It  is  better  to  cultivate  a  short  time  before  budding 
ither  than  just  after. 

BLBCTION  OF  HEALTHY  TREES  FOR  THE  SCION  ORCHARD  NECESSARY. 

The  matter  of  securing  healthy  scions  for  root  grafting  is  impor- 
Mit,  as  has  been  shown  by  the  experiments  with  apparently  healthy 
cions  taken  from  trees  with  the  roots  diseased  with  crown-gall  and 
^iry-root.  It  was  shown  that  the  use  of  such  scions  increased  the 
luaount  of  disease  present  in  root-grafted  trees  (see  pp.  23  and  26). 
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The  planting  of  cull  trees  in  the  scion  orchard  can  not  be  tm 
strongly  condemned,  since  the  greater  number  of  such  trees  are  dm 
eased  with  forms  of  crown-gall  and  hairy-root.  Only  healUty,  v^ 
orous  trees  should  be  planted  in  the  scion  orchard.  Any  tree  ii 
such  orchards  that  shows  even  a  trace  of  disease  should  be  removed 
A  scion  orchard  should  be  used  only  as  long  as  it  is  healthy  and  yig 
orous;  then  it  should  be  replaced  by  a  new  orchard. 

SELECTION   OF  THE   BEST   KINDS  OF  SOIL  FOR  GROWING   TRE£8« 

It  is  well  known  to  experienced  nurserymen  that  only  certain  tracti 
of  land  in  any  locality  are  suitable  for  growing  trees.  It  has  beet 
strongly  indicated  by  the  results  of  the  writer's  experiments  thai 
heavy,  wet,  clayey  soils  increase  the  amount  of  crown-gall  present; 
and  that  trees  on  many  well-drained  soils  show  the  least  disease. 
In  general  the  light,  loamy,  well-drained  soils,  where  fertile,  are  thi 
best  for  growing  apple  trees  with  a  minimum  of  disease. 

CURE   OF  DISEASED  TREES   IN  THE  ORCHARD. 

Experiments  by  others. — When  an  apple  tree  has  become  diseased 
with  crown-gall  and  hairy-root  it  is  a  question  as  to  whether  anj 
curative  method  can  be  used  to  insure  a  healthy  growth.  Some 
writers,  notably  the  following,  have  advocated  cutting  off  the  tumois: 

Howard  (24),  of  Missouri,  carried  out  the  most  extensive  experi- 
ment in  an  attempt  to  cure  crown-gall.  He  studied  the  subject  far 
two  years,  employing  many  different  remedies  and  combinations  and 
experimenting  with  nearly  3,000  trees.  He  used  the  following:  Cop- 
per sulphate  (bluestone),  iron  sulphate  (copperas),  sodium  chloiid 
(common  salt),  lime,  sulphur,  formalin,  ammonia  water,  bichloridd 
mercury  (corrosive  sublimate),  copper  carbonate,  carbolic  acid,  h] 
drocyanic  acid,  potassium  dichromate,  mercuric  cyanid, 
nitrate,  gas  tar,  kerosene  oil,  Bordeaux  mixture,  and  hot  wat«r. 

The  remedies  were  used  in  three  ways:  By  dipping  the  roots 
the  materials;  by  sprinkling  the  soil  with  the  solutions  until 
surface  was  wet  just  as  trees  were  being  planted;  and  by  cutti 
away  the  galls  and  covering  over  the  wounds  with  the  materials 
prevent  their  growing  again.    Howard's  results  show  that  some 
the  compounds  did  prevent  the  growth  of  the  galls,  but  not  withi 
injury  to  the  tree.     He  sB,ys  that  "copperas,  bluestone,  and 
mixed  together  and  applied  to  the  wound  was  the  best  remedy  of 
for  preventing  a  new  growth  of  galls,  although  this  was  not  entire!] 
efficacious.''     He  mentions  no  control  in  which  the  galls  were  remove 
without  treatment  with  fungicides. 

Butz  (7),  in  Pennsylvania,  took  60  apple  trees  and  cut  off  the 
from  40,  one-half  of  which  he  dipped  in  Bordeaux  mixture  befoi 
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anting;  the  other  20  were  planted  without  removing  the  galls, 
ler  dipping  in  Bordeaux  mixture.    After  two  seasons  of  growth, 
which  none  of  the  trees  died,  no  result  from  the  treatment  was 
>tained,  as  all  of  the  trees  still  showed  the  disease. 
Clinton  (8)  reports  as  follows  from  Connecticut: 

In  1899  Doctor  StuigiB  set  out  on  the  station  grounds  ten  young  trees  affected  with 
loCs;  part  of  these  had  the  knots  cut  off,  others  had  knots  cut  off  and  roots  then 
Ated  with  copper  sulphate,  and  some  were  left  with  knots  on.  After  three  seasons 
growth  these  trees  were  dug  by  the  writer  and  the  roots  carefully  examined.  Very 
tie  difference  could  be  seen  in  any  of  the  trees  at  this  time,  and  the  knots  had 
read  very  little,  if  any. 

Norton  (37)  say^:  ''Apple  trees  slightly  affected,  often  apparently 
tcover  and  make  good  trees,  but  even  then  the  life  of  the  tree  may 
)  cut  short  and  the  ground  infected." 

Oarman  (15)  advocates  the  removal  of  the  diseased  parts  with  a 
aife,  but  does  not  consider  this  treatment  satisfactory,  as  it  is 
kely  to  weaken  the  tree. 

Alwood  (2),  experimenting  with  seven  trees,  from  which  he  cut 
S  the  galls,  giving  the  trees  a  subsequent  treatment  with  strong 
k>rdeaux  mixture,  found  that  several  of  them  showed  a  characteristic 
rowth  of  crown-gall;  two  made  a  more  normal  growth. 

RecornmendoHons  for  the  treatment  of  the  disease  in  orchards, — ^The 
uestion  as  to  whether  it  is  advisable  to  remove  the  galls  from  trees 
1  an  orchard  depends,  first,  upon  whether  the  presence  of  the  gall  in 
tself  is  of  greater  injury  to  the  tree  than  the  effect  of  the  wound  re- 
ulting  from  its  removal  combined  with  that  of  the  antiseptics  used 
or  treating  the  wound;  and,  second,  upon  the  danger  of  the  disease 
preading  to  other  trees.  In  an  apple  orchard,  from  the  results  of 
he  writer's  experiments,  it  appears  that  there  is  no  danger  of  a 
erious  spread  of  this  disease  to  other  apple  trees. 

There  is  very  good  reason  to  conclude  from  the  writer's  experi- 
Dents  and  studies  that  small  knots,  swellings,  or  tufts  of  roots  on 
>rchard  trees  have  no  effect  on  their  growth.  Where  these  knots, 
Ac.,  can  be  removed  without  serious  injury  to  the  tree,  it  may  be 
)est  to  remove  them.  Elnots  or  stem  tumors  on  the  outer  limbs  or 
»wigs  may  be  removed  when  they  first  appear.  In  cases  where  there 
ire  small  growths,  galls,  or  wooUy-knot,  on  the  trunks  or  roots  of 
large,  valuable  trees  (PI.  IX,  fig.  1),  it  will  not  pay  to  injure  the 
trunk  of  the  tree  by  their  removal. 

Howard's  experiments,  previously  cited,  prove  the  futility  of 
cutting  crown-galls  from  the  young  apple  trees  and  treating  them 
vnth  antiseptics.  The  trees  used  in  his  experiments,  if  they  had  not 
been  treated,  might  be  alive  and  bearing  to-day. 

In  a  small  experiment  with  seedling  trees,  the  writer  cut  off  the 
soft  galls  from  a  number  of  yearling  seedlings  and  planted  the  seed- 
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lings  in  a  nursery  row  without  further  treatment.  Of  those  Inring  M 
the  end  of  one  year,  14,  or  36.8  per  cent,  recovered;  16,  or  42.1  pa 
cent,  developed  traces  of  crown-gall;  3,  or  7.9  per  cent,  devek^ie^ 
large  galls;  and  5,  or  13.2  per  cent,  developed  hairy-root.  At  Um 
same  time  there  were  planted  in  an  adjacent  row  a  number  of  tfai 
same  lot  of  seedlings  with  both  hard  and  soft  galls  remaining  attached 
During  one  season's  growth  12,  or  37.5  per  cent,  made  no  furtha 
development;  15,  or  46.9  per  cent',  increased  in  size  in  pace  with  ih 
growth  of  the  tree;  and  5,  or  16.6  per  cent,  developed  hairy-rool 
from  their  surface.  All  that  lived  made  a  good  growth.  Of  the  fitd 
lot  25  per  cent  died,  presumably  nearly  all  from  wounds,  and  of  tin 
second  lot  only  3  per  cent  died. 

In  planting  an  orchard  it  is  better  to  plant  healthy  trees  and  Uh 
no  risk  of  diseased  trees  recovering,  since  only  about  one-third  oi 
the  trees  diseased  with  crown-gall,  as  shown  by  experiments,  ful^ 
recover.  The  initial  cost  of  the  orchard  is  only  a  small  portion  di 
the  total  cost  of  maintenance,  and  in  general  it  pays  to  plant  tb 
best  rather  than  to  plant  and  attempt  to  cure  diseased  trees. 


The  disease  or  diseases  of  apple  trees  manifested  by  the  forms  oi 
types  known  as  crown-gall  and  hairy-root  occur  in  nurseries  and 
orchards  in  the  United  States  wherever  apple  trees  are  grown.  Tbej 
have  been  reported  in  one  or  more  forms  from  Europe,  South  Africa, 
New  Zealand,  and  Australia. 

The  crown-gall  type  of  the  disease  occurs  on  apple  trees  in  tWD 
forms;  the  soft  and  the  hard.  The  former  differs  slightly  from  tli« 
latter,  especially  in  its  more  rapid  growth,  softer  texture,  and  lesi 
permanent  nature.  Apple  crown-gall  in  both  forms  is  related  to  th 
crown-gall  of  the  almond,  apricot,  blackberry,  cherry,  chestnut, 
grape,  peach,  pear,  plum,  prune,  raspberry,  rose,  and  walnut. 

The  hairy-root  type  of  the  disease  is  of  four  forms:  The  simple 
form,  characterized  by  numerous  roots  springing  at  right  anglci 
from  a  larger  or  main  root;  the  woolly-knot  form,  characterized  bj 
flumerous  more  or  less  parallel  roots  springing  from  a  hard  gaU  of 
swelling  on  a  longer  root;  broom-root,  a  side  root  which  is  mud 
f asciated  with  fine  branch  roots,  often  negatively  geotropic;  and  aeiial 
tumors,  or  knots,  which  are  the  woolly-knot  form  on  the  limbs  of  the 
trees.  All  of  these  forms  of  hairy-root  are  probably  directly  related 
to  the  forms  of  crown-gall,  but  for  convenience  and  clearness  they 
are  discussed  and  treated  separately. 

The  soft  form  of  crown-gall  is  most  common  on  yearling  apple 
seedlings,  though  usually  not  abundant.  It  is  occasionally  found  on 
budded  and  root-grafted  trees.    The  hard  form  is  common  on  budded 
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md  much  more  abundant  on  root-grafted  trees.  Hairy-root  of  the 
limple  form  is  frequent  on  apple  seedlings  and  on  budded  and  root- 
grafted  trees.  The  woolly-laiot  form  of  hairy-root  is  the  most 
common  form  of  the  disease,  especiaUy  on  3-year-old  root-grafted 
brees  in  the  nursery  and  on  orchard  trees.  The  broom-root  form 
L>cciirs  occasionally  on  trees  grown  on  loose  soils. 

Crown-gall  of  both  forms  develops  chiefly  the  first  year  on  seed- 
lings and  root-grafted  trees  in  the  nursery.  It  gains  entrance  almost 
entirely  through  wounds.  On  root-grafted  trees  it  occurs  most  com- 
monly on  the  lower  end  of  the  scion  at  the  union.  In  the  experiments 
less  crown-gall  was  found  on  nursery  trees  the  second  and  third  years 
than  the  first,  which  is  strong  evidence  that  it  ceases  to  develop  to 
any  great  extent.  Hairy-root  develops  on  root-grafted  trees  to  some 
ejctent  the  first  two  years,  and  to  a  less  extent  the  third. 

In  the  experiments  varying  the  depth  of  planting  the  union  had 
little  effect  on  increasing  or  decreasing  the  amount  of  disease  present 
in  apple  trees  grown  from  root  grafts,  but  a  better  stand  of  trees  was 
obtained  by  the  shallower  planting  of  the  union.     Very  little  difference 
^was  shown  in  the  amount  of  disease  resulting  from  the  use  of  the 
upper  half  and  the  lower  half  of  seedling  roots  for  making  root  grafts. 
An  increase  of  both  crown-gall  and  hairy-root  occurred  in  root- 
grafted  trees  when  apparently  healthy  scions  or  roots  were  taken  from 
trees  otherwise  diseased.     The  use  for  making  root  grafts  of  roots 
from   apple  seedlings  diseased  with  the  simple  form  of  hairy-root 
resulted  in  an  increased  stand  of  trees  in  the  nursery,  but  also  in  a 
large  percentage  of  inferior  trees  diseased  with  hairy-root  of  the  simple 
form.     The  disease  did  not  as  a  rule  extend  from  the  root  to  the  scion 
portion  of  the  tree  during  the  three  years  of  growth  in  the  experiment. 
Cuttings  from  seedlings  diseased  with  this  form  of  hairy-root  usually 
sent  out  roots  more  readily  than  healthy  cuttings  and  often  developed 
into  vigorous-growing  trees. 

>Vhere  scions  for  root  grafts  were  taken  from  yearling  trees  and 
from  bearing  trees  in  the  orchard,  no  great  difference  in  the  number 
of  healthy  trees  obtained  from  either  was  noted,  but  there  was  a  slight 
increase  of  disease  in  the  trees  from  the  scions  taken  from  yearling 
stock. 

Leaving  a  bud  near  the  lower  tip  of  the  scion  did  not  increase  the 
disease  in  trees  grown  from  root  grafts.  No  great  difference  in  the 
axaount  of  disease  present  in  trees  from  root  grafts  was  noted  wliere 
seedlings  grown  from  both  French  and  American  seed  were  used. 
The  results,  however,  were  decidedly  in  favor  of  stock  grown  from 
American  seed,  since  the  stand  of  trees  with  the  latter  was  25  per  cent 
better. 
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No  essential  difference  was  noted  in  trees  grown  from  root  grafts 
made  from  healthy  seedling  trees  taken  from  a  locality  wh«^  nursery 
stock  had  been  grown  for  many  years  as  compared  with  those  taken 
from  a  new  locality  where  stock  had  not  been  grown  previously. 

Heavy,  stiff,  clayey,  wet  soils  apparently  increase  the  amount  of 
disease,  especially  of  crown-gall,  in  nursery  stock.  Some  lighter  soils 
show  an  increase  of  hairy-root. 

In  nursery  experiments  the  amount  of  crown-gall  present  after  the 
first  year  decreased  considerably  from  year  to  year,  while  hairy-root 
increased  slightly,  especially '  during  the  first  two  years.  In  the 
orchard  experiments  the  amount  and  intensity  of  the  forms  of  the 
disease  decreased  instead  of  increasing,  indicating  that  older  apple 
trees  in  many  cases  successfully  resist  both  hairy-root  and  erown-gall 
and  that  many  may  recover  completely. 

Crown-gall  and  hairy-root  affected  nursery  trees  in  the  experiments, 
stunting  them  very  slightly  and  causing  them  to  be  onh'  90  to  94  pa 
cent  as  large  as  healthy  trees.  In  the  experimental  orchards  the 
apparent  effect  on  the  growth  of  trees  was  even  less — in  fact,  hardly 
perceptible.  These  experiments  prove  that  the  effect  of  crown-gall 
and  hairy-root  upon  apple  trees  in  the  orchard  has  been  overrated, 
at  least  in  the  established  apple  districts  of  the  Central  and  Eastern 
States. 

A  marked  difference  in  the  susceptibility  of  varieties  of  apple  trees 
to  crown-gall  and  hairy-root  has  been  noted.  Trees  of  some  varieties, 
when  grown  from  rootgraf  ts,  tend  to  develop  a  large  amount  of  crown- 
gall;  others  of  hairy-root,  in  both  cases  chiefly  on  the  scion  portion  of 
root-grafted  trees.  In  these  experiments,  ^q  Wealthy,  the  Yellow 
Transparent,  and  the  WoB  River  were  the  varieties  most  diseased 
with  crown-gall;  and  the  Ben  Davis,  the  Wolf  River,  and  the  North- 
ern Spy  were  most  diseased  with  hairy-root. 

The  period  when  most  apple  root  grafts  become  diseased  with 
crown-gall  is  apparently  the  time  when  the  wounds  in  the  union  are 
being  healed  by  the  formation  of  callus.  If  the  disease  could  be  kept 
out  during  this  period  it  is  quite  probable  that  httle  would  occur  on 
nursery  stock  except  as  it  gained  entrance  later  through  wounds  made 
in  cultivation. 

In  the  experiments,  with  the  fitting  of  root  grafts,  where  poorh- 
fitted,  especially  if  the  lower  end  of  the  scion  projected,  an  increase 
of  both  crown-gall  and  hairy-root  occurred.  The  disease  apparently 
did  not  spread  from  tree  to  tree  in  the  nursery  rows  in  the  experiments, 
since  there  was  Uttle  or  no  increase  of  disease  after  the  first  year. 

Little  of  the  crown-gall  occurring  in  root-grafted  trees  can  with 
certaintji^be  accredited  to  the  fact  that  grafting  knives  as  a  rule  are 
not  sterilized. 
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Root  grafts  should  be  carefully  fitted,  especially  with  respect  to  the 
wer  end  of  the  scion,  which  should  have  a  sharp  end  rather  than  a 
lunt  one.  The  vnrapping  used  should  cover  the  union  completely 
ad  should  firmly  hold  the  parts  together  until  the  graft  is  planted  in 
le  soil;  then  it  should  rot  away  when  growth  begins. 

In  a  large  number  of  wrapping  experiments  cloth  wrapping  gave 
le  best  results.  In  a  later  experiment  good  results  were  obtained 
ith  a  continuous-thread  wrapping  applied  by  a  machine  evenly  and 
losely  over  all  the  union. 

Sand  was  found  to  be  the  best  material  tested  for  packing  and  stor- 
ig  root  grafts.  Cold  storage  is  best  for  root  grafts  that  must  be  kept 
)r  some  time  before  planting,  since  it  prevents  the  overdevelopment 
f  callus,  a  condition  which  favors  the  entrance  of  disease. 

BBCOHHENDATIONS. 

The  crown-gall  and  hairy-root  of  apple  trees  is  primarily  a  nursery 
lisease,  gaining  entrance  most  frequently  the  first  year.  In  a  well- 
egulated  nursery  it  is  desirable  to  grow  and  sell  the  best  trees  that 
an  be  obtained  and  at  the  same  time  not  increase  the  cost  of  produc- 
ion.     With  this  in  view  the  following  recommendations  are  made: 

(1)  In  order  to  keep  the  nursery  as  free  as  possible  from  the  disease 
ill  diseased  trees  should  be  left  in  the  field  at  the  time  of  digging  and 
>umed  as  soon  as  dry. 

(2)  The  nurseryman  should,  as  far  as  possible,  get  scions  from 
lealthy  trees  by  growing  them  under  careful  selection  or  purchasing 
them  from  others  who  do  this.  Never  plant  diseased  trees  in  the 
scion  orchard. 

(3)  Buy  the  best  grades  of  healthy  seedlings  for  budding  and  root 
Rafting.  Insist  that  growers  of  apple  seedlings  cull  out  and  burn  all 
leased  ones  at  the  time  of  digging. 

(4)  Make  close-fitting  root  grafts,  avoiding  blunt  ends  of  the  root 
and  scion  in  the  union.  Wrap  with  unwaxed  cloth  or  continuous- 
thread  wrapping,  covering  completely  and  firmly  the  wounded  edges 
m  the  union.  The  root  and  scion  should  be  approximately  of  the 
same  diameter. 

(5)  Store  root  grafts  preferably  in  sand.  If  the  period  of  planting 
is  delayed  beyond  two  weeks  they  should  be  placed  in  cold  storage  at 
a  temperature  a  few  degrees  above  the  freezing  point. 

(6)  Plant  the  union  of  root  grafts  about  3  to  4  inches  below  the  sur- 
face of  the  ground.  Be  careful  not  to  break  the  callus  in  planting  and 
avoid  wounding  the  young  plants  in  cultivation. 

(7)  Propagate  by  budding,  as  far  as  possible,  the  few  varieties 
most  susceptible  to  crown-gall  and  hairy-root.     Among  these  are  the 
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Wealthy,  the  Yellow  Transparent,  the  Wolf  River,  the  Ben  Davis,  and 
the  Northern  Spy. 

(8)  Avoid  heavy,  wet  soils,  since  they  favor  an  increase  of  disease, 

(9)  Growers  of  seedlings  should  avoid  wounding  the  young  trea 
with  the  hoe  or  other  implements  of  cultivation. 

That  these  precautions  will  decrease  the  disease  is  certain,  as  showi 
by  the  results  of  experiments,  and  an  increased  profit  will  result  froa 
their  use.  For  example,  wrapping  with  a  close,  tight,  cloth  coveriiq 
decreased  the  percentage  of  diseased  trees  12.9  per  cent  and  resulted 
in  an  increase  of  stand  amounting  to  23.9  per  cent  of  the  original  root 
grafts  planted.  This,  based  on  15,000  grafts  to  the  acre,  is  a  saving 
of  $214.80  per  acre.  The  continuous  wrapping  of  root  grafts  witi 
thread  is  more  easily  and  cheaply  done  and  promises  to  give  equaD} 
as  good  results. 

The  orchardist  is  advised  to  plant  the  healthiest  trees  obtainable, 
since  the  initial  cost  of  the  orchard  is  only  a  small  part  of  the  final 
outlay.  If  a  tree  becomes  diseased  during  the  first  three  or  foai 
years  so  that  its  growth  is  hindered,  dig  it  up  and  plant  a  healthy  tree 
in  its  place.  If  trees  in  an  older  orchard  are  diseased,  but  still  bearing 
profitable  crops,  allow  them  to  remain  in  the  orchard,  imless  there  h 
danger  of  infecting  more  profitable  plats  of  raspberries,  grapes,  oc 
peaches.  In  such  case  they  should  be  removed,  since  crown-gafl 
from  the  apple  tree  may  infect  these  plants. 

If  the  growing  of  nursery  stock  were  confined  to  apple  trees,  nuisei; 
inspection  for  crown-gall  would  hardly  be  necessary.  Since  the  dis- 
ease attacks  and  kills  grapevines,  raspberries,  and  probably  peach 
trees,  and  since  it  may  be  communicated  to  them  from  apple  trees,  it 
is  clearly  the  duty  of  a  nursery  inspector  to  insist  that  apple  trees  dis- 
eased with  crown-gall  shall  not  be  sold.  It  is  best  to  include  in  the 
same  category  apple  trees  diseased  with  hairy-root. 

On  the  other  hand,  an  inspector  should  be  certain  that  apple  trees 
are  diseased  with  crown-gall  or  hairy-root  before  condemning  them. 
Warts  and  pimples  are  not  necessarily  crown-gall,  nor  are  fibrous 
roots  certainly  hairy-root.  The  tendency  to  form  fibrous  roots 
exists  under  certain  soil  conditions  (PI.  Ill,  fig.  4).  In  some  loedl- 
ities  and  under  certain  soil  conditions  healthy  trees  with  much- 
branched,  fibrous  roots  are  grown.  These  roots  are  to  be  distin- 
guished from  hairy-root  formation,  which  is  characterized  at  the  begin- 
ning by  clustered,  fleshy,  often  fasciated  roots,  which  later  become 
fibrous  through  shrinking.  Only  plainly  diseased  trees  should  be 
rejected;  other  trees  in  the  bimdle  should  not  be  condenmed  on 
account  of  the  presence  of  a  diseased  tree,  but  as  a  matter  of  precau- 
tion should  be  dipped  in  a  weak  solution  of  some  antiseptic,  as  one- 
tenth  of  1  per  cent  of  corrosive  sublimate,  for  five  minutes  and  washed 
in  water  before  planting. 
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order  to  prevent  useless  repetition,  a  brief  description  will  be 

en  of  the  methods  and  conditions  under  which  each  set  of  experi- 

nts  was  performed,  the  results  of  which  are  given  in  previous 

pters  and  in  the  tables  in  the  following  portion  of  the  appendix. 

EXPEBIMENT8    IN   THE    GREENHOUSE. 

All  $]jeenhouse  experiments  were  conducted  at  the  Mississippi 
Talley  laboratory,  St.  Louis,  Mo.  Seedlings  of  various  kinds  of 
ihrubs  and  trees  were  grown  in  pots  and  benches,  as  follows :  All  soil 
ind  pots  were  sterilized  for  three  hours  in  an  autoclave  at  a  tempera- 
ture of  239®  F.  The  benches  were  constructed  of  new  pine  and  cypress 
iumber.  Before  filling  the  benches  with  soil  they  were  washed  with 
a  strong  solution  of  Bordeaux  mixture.  All  seeds  before  planting 
were  sterilized  in  one  of  two  ways — either  in  concentrate  sulphuric 
acid  for  ten  minutes  or  for  an  equal  time  in  a  one-fifth  of  1  per  cent 
solution  of  mercuric  chlorid,  followed  in  either  case  by  repeated 
washings  in  sterile  water.  In  these  experiments  6,176  plants  were 
grown  and  used  in  five  years. 

EXPERIMENTS    IN   THE    NURSERY. 

The  experiments  in  nurseries  were  extensive  and  included  the  plant- 
ing of  143,763  apple  seedlings  and  root  grafts  of  256  varieties  during 
a  period  of  six  years.  They  were  of  two  kinds,  independent  and 
cooperative.  In  each  experiment  all  seedlings,  cuttings,  or  scions 
were  selected  from  the  same  stock,  all  root  grafts*  were  made  and 
planted  equally  well  in  each  portion,  and  all  portions  of  each  plat 
were  of  uniform  soil  and  drainage  and  were  cultivated  equally  well, 
all  of  the  work  being  done  by  skilled  workmen  under  the  direction  and 
personal  supervision  of  the  writer.  Many  experiments  were  dupli- 
cated in  different  localities,  insuring  greater  accuracy  in  results. 

Independent  nursery  experiments. — These  were  conducted  in  nursery 
plats  on  land  owned  or  leased  by  the  Department  and  cultivated  by 
its  employees.     There  were  three  plats  of  the  following  description: 

Independent  plat  1  was  located  near  Louisiana,  Mo.,  on  a  slightly 
sloping  piece  of  upland  consisting  of  a  heavy,  colluvial  clay  loam.  It 
was  situated  so  that  it  did  not  receive  the  overflow  from  adjacent 

o  Tn  all  experiments  where  the  term  "root  graft "  J8  used,  unless  otherwise  specified, 
reference  is  made  to  the  form  of  root  graft  known  as  whip  or  tongue  gnift. 
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fields.  It  had  been  planted  to  field  crops  for  twenty  years  and  had 
a  clover  crop  when  taken  for  the  purposes  of  experiment.  In  the 
experiment  on  this  plat  19,700  root  grafts  and  trees  were  grown 
during  1903  and  1904  on  4  acres  of  land. 

Independent  plat  2  consisted  of  about  one-half  acre  of  level  land 
on  the  Potomac  Flats,  south  of  Washington,  D.  C.  It  consisted  of 
an  alluvial  loam,  the  soil  having  been  formerly  pimiped  by  dredgers 
from  the  bottom  of  the  Potomac  River.  In  this  plat  6,400  root 
grafts  and  seedling  trees  were  planted  in  1907. 

Independent  plat  3  consisted  of  about  one-half  acre  of  gently  sloping 
clay  loam  on  the  Arlington  Experimental  Farm,  in  Virginia,  south- 
west of  Washington,  D.  C.  In  this  plat  6,043  root  grafts  were  planted 
in  1908. 

Cooperative  nursery  experiments. — Experiments  were  conducted 
during  the  years  1905  to  1908  in  cooperation  with  six  of  the  largest 
nurseries  in  the  Mississippi  Valley.  Eight  experimental  plats,  of 
about  1  acre  each,  were  planted  in  as  many  different  localities  in  five 
States.  A  total  of  113,620  seedlings  and  root  grafts  was  planted. 
A  description  of  the  plats  follows: 

Cooperative  plat  1  was  located  in  southwestern  Iowa  on  level  valley 
land  consisting  of  a  colluvial  clay  loam.  The  previous  crops  for  five 
years  were  grain. 

Cooperative  plat  2  was  located  in  southwestern  Iowa  on  sloping 
upland  consisting  of  a  light  clay  loam.  The  previous  crops  for  five 
years  were  oats  one  year,  com  one  year,  and  plimi  trees  three  years. 

Cooperative  plat  3  was  located  in  southeastern  Nebraska  on  level 
upland  consisting  of  a  loess  loam.  The  previous  crops  for  five  years 
were  corn  one  year  and  cherry  trees  four  years. 

Cooperative  plat  4  was  located  in  western  Illinois  on  level  upland 
of  heavy  black  loam  mixed  with  clay.  The  previous  crops  for  five 
years  were  grain. 

Cooperative  plat  5  was  located  on  level  valley  land  in  eastern 
Missouri  consisting  of  a  colluvial  loam  mixed  with  some  sand.  The 
previous  crops  for  five  years  were  cowpeas  one  year  and  peaches  four 
years. 

Cooperative  plat  6  was  located  in  eastern  Kansas  on  level  valley 
land  consisting  of  an  alluvial  sandy  loam.  The  previous  crops  for 
five  years  were  corn  one  year,  osage  orange  one  year,  Kafir  com  one 
year,  and  apples  two  years. 

Cooperative  plat  7  was  located  in  eastern  Missouri  on  level  valley 
land  consisting  of  a  colluvial  clay  loam.  The  previous  crops  for  five 
years  were  cowpeas  one  year  and  peaches  four  years. 

Cooperative  plat  8  was  located  in  northwestern  Arkansas  on  level 
valley  land  consisting  of  a  sandy  loam.  The  previous  crops  for  five 
years  were  grain. 
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EXPERIMENTS   IN   OBCHABDS. 

^our  orchards  were  planted  with  both  healthy  and  diseased  apple 
These  were  situated  on  land  owned  or  leased  by  the  Depart- 
They  were  located  and  designated  as  follows: 
3x*chard  1  was  located  near  Louisiana,  Mo.,  on  a  gently  sloping 
430  of  upland  consisting  of  a  heavy  clay  loam.  The  land  had  been 
^xxted  to  grain  and  clover  for  twenty  years.  This  orchard  was 
ixited  to  208  apple  trees. 

Orchard  2  was  located  on  the  same  block  of  land  as  orchard  1, 
t  it  was  lower  and  wetter  in  rainy  seasons.     It  contained  261  apple 


Orchard  3  was  also  located  on  the  same  block  of  land  as  orchard  1, 
i;  followed  the  trees  grown  in  independent  plat  1.  It  contained 
:08  apple  trees. 

Orchard  4  was  first  planted  on  the  Potomac  Flats,  south  of 
eushington,  D.  C,  on  built-up  land  from  dredging,  similar  to  that 

independent  plat  3.  The  500  apple  trees  in  this  orchard  after 
.e  year  were  transplanted  to  a  block  of  land  with  a  coUuvial  clay 
stxn  on  the  Arlington  Experimental  Farm,  in  Virginia,  where  they 
B  now  located. 

The  trees  for  planting  in  these  orchards  were  selected  as  follows: 
BaJthy,  vigorous,  2-year-old  apple  trees  with  a  well-balanced  root 
stem  of  smooth  roots  (PL  III,  fig.  3)  were  selected  in  each  experi- 
ent  for  a  check  or  control.  To  test  the  effects  of  the  forms  of 
sease  there  were  selected  sets  of  trees  of  the  same  varieties,  of 
[ual  size,  and  from  the  same  stock  of  trees,  some  of  which  were 
seased  with  crown-gall  (PI.  I,  fig.  1)  and  others  with  hairy-root 
*L  I,  fig.  2).  All  of  the  trees  used  in  the  experiments  were  selected 
^  the  writer.  Both  healthy  and  diseased  trees  were  planted  and 
»nded  equally  well. 

All  of  the  data  on  these  orchard  and  nursery  experiments  were 
drsonally  recorded  by  the  writer,  notes  being  taken  on  each  indi- 
idual  tree. 

186 


80 


THE  CROWN-GALL  AND  HAIBY-BOOT  OF  THE  APPLE  TB££. 


TABLES  OIVINa  THE  BBST7LT8  OF  EXPERIMENTS  IN 

OF  CBOWN-OAXL  AND  HAIBT-BOOT.a 

Table  I. — Development  of  crovm-ffall  and  hairy-root  on  transplanted  $eedUng9  ta  fli 

nursery. 


Age  of 
seedlings. 

Number  of 
seedllniss. 

Seedlings, 
galled. 

Seedlings, 
hftlry. 

Yean. 

1 
2 
3 

350 
116 
114 

Percent. 
0.6 
1.4 
l.S 

Percent, 

3.1 

11.7 

9.4 

Tablk  II. — Comparative  development  of  crown-gall  on  grafted  and  budded  trees  m  A 

nursery. 


Variety. 


Ben  Davis 

Do 

Black  Annette 

Orimes 

Oldenburg 

Do 

Wealthy 

Do 

Do 

Yellow  Transparent 

Do 


Year. 


1004 
1005 
1004 
1005 
1004 
1004 
1004 
1004 
1004 
1904 
1904 


Grafted  trees. 


Budded 


Smooth. 


Per  cent, 
78 
60 
80 
70 
83 
80 
54 
83 
88 
04 


Galled. 


Smooth. 


PereenL 
22 
40 
11 
30 
17 
11 
46 
17 
12 
6 
11 


Percent. 
91 
00 
00 
00 
06 
00 
03 
97 
98 
00 
02 


Galled. 


Per 


Pen 


9 
8 
1 
1 
4 
1 
7 
S 
2 
1 
8 


B 

M 
H 

a 
a 
II 


i 
I 


The  data  in  Table  II  are  given  from  a  number  of  localities  in  the 
Mississippi  Valley,  Virginia,  and  North  Carolina.  The  names  of  the 
nurseries  are  withheld  because  the  reports  were  confidential.  At 
the  time  the  reports  were  received,  most  nurserymen  designated  as 
"crown-gall"  all  forms  of  crown-gall  and  hairy-root,  and  in  the 
table  they  are  combined  under  the  term  "galled." 

Table  III. — Results  on  the  health  of  trees  of  varying  the  depth  of  the  union  in  plgnttMg 

root  grafts. 


Year. 

Trees  with  long  scions. 

Trees  with  short  scoi. 

Number. 

Diseased.  & 

Number. 

DtimaeA.^ 

1905 

- 

754 
080 

Percent. 
13.3 
35.0 

760 
870 

Per  end. 

1906 - 

4S.4 

Total 

1,734 

25.5 

1.689 

32.0 

a  In  these  tables  both  forms  of  crown-gall  are  included  under  the  term  "  galled,"  and  all  of  the  forms 
of  hairy-root  under  the  term  "hairy,"  unless  otherwise  specified.  The  word  "smooth"  is  used  t» 
designate  trees  free  from  the  disease. 

bin  this  table  the  term  "diseased"  includes  "galled"  and  "hairy"  trees. 
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IV. — Results  on  the  hedUh  of  trees  of  varying  the  depth  of  the  union  in  planting 

root  grafts f  second  experiment. 


Year. 

Trees  with  long  scions. 

Trees  with  short  scions. 

Number. 

QaUed. 

Hairy. 

Number. 

Oalied. 

Hairy. 

5    

1,288 
2,450 
1,079 

Percent. 

21.3 

6.6 

.1 

Percent. 

7.6 

10.6 

8.6 

1,446 
2,960 
1.182 

Percent. 

20.9 

5.3 

1.6 

Percent. 
7.5 

5      

13.2 

7      

0.1 

Total 

4,817 

9.4 

7.5 

5,588 

8.6 

10.8 

LBL.E   V. — Results  on  the  health  of  trees  of  selecting  upper  and  lower  piece  roots  for  root 

grafts. 


Year. 


06 

05 

07 

Total 


Trees  from  grafts  on  upper 
piece  root. 


Number 

dug. 


743 

1,675 

580 


2,998 


Galled. 


Hairy. 


Percent. 

19.8 

6.0 

1.9 


8.0 


Percent. 

7.7 

15.1 

10.9 


12.5 


Trees  from  grafts  on  lower 
piece  root. 


Number 
dug. 

Galled. 

703 

1,285 

602 

Percent. 

22.0 

4.6 

1.3 

2,500 

8.5 

Hairy. 


Percent. 
7.4 

lae 

7.5 

0.0 


ABii£  VI. — Results  on  the  health  of  trees  of  vMng  seedlings  diseased  with  hairy-root  in 

root  grafting f  first  series  of  experiments. 


Year. 

Trees  with  hairy-root  grafts. 

Trees  with  smooth-root  grafts. 

Number. 

Galled. 

Hairy. 

Number. 

Galled. 

Hairy. 

rtoat 

1,132 

1,922 

922 

Percent. 

11.5 

4.8 

7.4 

Percent. 
73.8 
79.2 

76.5 

751 

1,481 

632 

Percent. 
24.8 

8.7 
7.1 

Percent. 
7.0 

leooDd 

11.0 

Phlnl 

10.0 

Total 

3,976 

7.3 

n.o 

2,864 

12.6 

10.2 

Cable  VII. — Results  on  the  health  of  trees  of  using  seedlings  diseased  with  hairy-root  in 

making  root  grafts,  second  series  of  experiments. 


Year. 

Trees  with  hairy-root  grafts. 

Trees  with  smooth-root  grafts. 

Number. 

Galled. 

Hairy. 

Number. 

GaUed. 

Hairy. 

First 

141 

268 
81 

Percent. 
1.4 
2.2 
6.2 

Percent. 
90.8 
84.2 
72.8 

125 

245 

99 

Percent. 

18.4 

3.7 

2.0 

Percent. 
5.6 

Setond 

10.6 

Third 

9.1 

Total 

490 

2.6 

83.7 

469 

7.3 

8.9 
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Table  VIIL — Re$ulU  on  the  health  of  tree$  of  using  seedlings  diseased  wiik  erow»-fi 

in  mating  root  grafts. 


First 

Second 

Third 


Year. 

Trees  with  smooth-root  grafts. 

Trees  with  ga]l«d-root  graft 

Number. 

QaUed. 

Hairy. 

Number,    allied.   '    Hair| 

■ 

125 
245 

90 

Ptreent.   Percent, 

1S.4             5.6 

3.7           10.6 

2.0             9.1 

.  Percent. 
118  ,          27. 1 

Perot 

id 

165         ao.i          U 

1 

107             13. 1               i 

Total 

460 

7.3             8.9 

390 

ao.2 

U 

Table  IX. — Comparison  of  the  results  on  the  health  of  trees  from  the  use  of  scions  fm 

jfoung  and  old  trees  in  making  root  grafts. 


Year. 

Trees  with  scions  fh>m  young 
trees. 

Trees  with  scions  from  oU 
trees. 

Number 
dug. 

Galled. 

Hairy. 

Number 
dug. 

Galled.       Hsirr. 

1906 

1906 

220 
297 
207 

Percent. 

17.6 

6.1 

Percent. 

&1 

19.7 

215 
382 

Percemi. 
&3 

6.3 

Pereem 

16 

1907 

.5  !         15.0 

193             1.0 

la 

Total 

733 

8.0            14.0 

1 

790             5.6  i           la 

1                  1 

Table  X. — Comparison  of  the  results  on  the  health  of  trees  of  root  grafts  on  seedHng  root 

grown  from  French  and  from  American  seed. 


Trees  fh>m  French  seed. 


Trees  from  American 


Year. 


Number 
'     dug. 


1906. 
1906. 
1907. 


Total, 


Table  XI. — Results  on  the  health  of  trees  of  using  seedlings  from  localities  uhere  nursai 

stock  has  been  grown  for  many  years. 


Year. 


1905. 
1906. 
1907. 


Total. 


Trees  finom  an  old  locality. 


Number 
dug. 


937 

1,816 

738 


3,491 


Galled. 


Per  cent.    Per  cent. 


Hairy. 


40.2 
7.9 
3.6 


3.5 
5.6 
4.1 


15.7 


4.7 


Trees  from  a  new  locality. 


Number 
dug. 


401 
913 
396 


GaUed.      BairT 


Percent. 

46.8 

11.7 

1.7 


1,802 


19.1 


Prred*M 


-rJ 


186 


BESULTS   OF  EXPEBIMENTS. 


83 


XII. — RenUU  on  the  health  of  trees  of  heavy ^  wet  soil  compared  with  drier  soil  in 

the  same  locality. 


of 


Nature  of  soil. 


Heavy,  wet  loam. 
Light,  drier  loam . 


Trees  grown. 


Number. 


5,018 
6,038 


Healthy. 


Per  cent. 
75.1 
75.9 


Galled. 


Hairy. 


Per  cent.    Per  cent. 
19.4  ;  5.5 

14.1  I  10.0 


XIII. — Results  on  the  health  of  trees  of  heavy ^  wet  soils  compared  with  dry  soils  in 

different  localities. 


of 

t. 


Nature  of  boU. 


Heavy,  wet  loam. 

do 

Light,  loess  loam. . 
Light,  sandy  loam 


Trees  grown. 


Number. 


4,460 
4,798 
4,454 
4,809 


Healthy. 


Percent. 
76,6 
77.9 
86.0 
87.7 


Diseased. 


Percent. 
23.4 
22.1 
14.0 
12.3 


iLB  XIV. — Maximum  development  of  crown-gall  and  hairy-root ,  by  years ^  on  grafted 

trees. 


Trees  dug. 

First 
year. 

GaUed. 

Fh^t 
year. 

Hairy. 

Number  of  set. 

First 
year. 

Second 
year. 

Third 
year. 

Second 
year. 

Third 
year. 

Second 
year. 

Third 
year. 

No. 

3,392 

1,221 

2,161 

1,078 

782 

350 

620 

No. 

3,168 

1,434 

2,014 

1,003 

745 

309 

584 

No. 

3,254 

1,316 

2,077 

998 

612 

321 

567 

Perct. 
24.5 
47.7 
24.2 
13.3 
25.3 
15.7 
26.9 

Peret. 
13.8 
10.3 
4.3 
5.1 
8.3 
6.2 
6.8 

Perct. 
7.7 
3.6 
1.8 
3.1 
3.6 
.9 
7.6 

Perct. 
6.2 
3.0 
7.5 
2.6 
4.1 
7.4 
7.3 

Per  ct. 
9.8 
6.3 
9.1 
5.3 
9.3 
7.4 
10.6 

Peret. 
9.7 
6.2 

8.7 

6.5 

9.8 

11.2 

10.6 

Total 

9,904 

9,257       9.145 

26.7 

9.1 

4.7 

5.5 

8.6 

8.7 

Total  trees  in  experiment,  28^06. 
BLE  XV. — Average  height  of  healthy  and  diseased  root-grafted  trees  at  the  age  of  one  year 


Location  of  plats. 


ithwestem  Iowa. . . . 

Do 

lUieastem  Nebraska 

Hero  Kansas 

stem  niinois 

Total 


Healthy  trees. 

Galled  trees. 

Number. 

Height. 

Number. 

Height. 

1,689 
1,293 
1,936 
1,665 
1,300 

Inchet. 
35.8 
36.3 
37.0 
43.1 
30.5 

724 
750 
653 
678 
889 

Inche». 
32.4 
33.7 
33.1 
42.4 
28.8 

7,883 

37.2 

3,603 

33.5 

Hairy-rooted  trees. 


Number. '  Height 


265 
160 
287 
386 
246 


1,353 


Inehei. 
32.8 
33.2 
34.0 
39.9 
26.6 

34.0 
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Tablb  Xyi.^Avent^heigUii/keaWilfmtddueamdroot^^rmfMt^ 


Looittpn  of  plats. 


Soatbw«8tflni  loira. . . . . 

Do 

84Nitheasteni  NebnsiA, 

EoftemKanMS 

Western  Illinois 

Total 


Healthy 


Namber. 


Heic^t. 


1,902 
1,444 
2,146 
3,038 
1,639 


10,159 


fiO.7 
63.6 
ffi.2 
61.6 
S2.5 


56.4 


GaUad 


VlDBtaK 


Heig^bt 


302 
267 
324 
680 
246 


1,819 


47.7 
57.6 
80.7 
81.4 

48.7 


51.3 


Nomber. 


411 
417 


270 


Table  XVII. — Averoffe  diameter  of  healthy  and  diseased  trees  in  ordiards  I  and  ^. 


Ingram 
Do 


Oano 
Do 


Collins 
Do 


Total 

Total  for  all  varietiee, 


Table  XYIII. — Number  of  healthy  trees  planted  qf  eath  variety  and  the  number  dgisf 

in  orchards  2  and  t. 


Number  of  orchard. 

Yorklmpeital 
trees. 

Ingram  trees. 

Qano  trees. 

Collins  trees. 

Total 

Planted. 

Died. 

Planted. 

Died. 

Planted 

Died. 

Planted. 

Died. 

PlantMl. 

Diet 

1 

16 
45 

3 
5 

16 
23 

2 
6 

48 
27 

3 
3 

32 
37 

2 

0 

112 

H 

2 

]l 



Total 

61 

8 

39 

7 

76 

6 

59 

2            334 

t 
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'Nvmber  c/  dmamd  tre»  pUnUed  of  each  tangty  §nd  the  wumbtr  dymg  in 

circhard$  1  and  t. 


Vofnli^  t/M  tmfiitmA. 

York  Imperial 
trees. 

Ingram  trees. 

Qano  trees. 

Collins  trees. 

Total. 

Plantftd. 

Died. 

Planted. 

Died. 

Planted. 

Died. 

Planted. 

Died. 

Planted. 

Died. 

16 
45 

1 
8 

16 
31 

2 

7 

32 
27 

0 

4 

32 
36 

5 

3 

96 
130 

8 

22 

Total 

61 

9 

47 

9 

£0 

4 

68 

8 

235 

30 

Tablb  XX. — Nwrnber  of  tru9  dying  tn  orchard  S  during  two  geart^  growth. 


CoDdKion  of  nMta. 

Trees 
Planted 
kl907. 

Trees  dead  in  1907. 

Trees  dead  in  1908. 

Tree9flHTeinl908. 

■Ithy 

Number. 
572 
177 
3fi0 

Number. 

182 

60 

60 

Percent. 
31.8 
33.9 
19.2 

Number. 

9 

6 

21 

Percent. 
1.6 
3.4 
5.9 

Number. 

3a 

111 
260 

Percent. 
66.6 

Ssd..: 

62.7 

Iry 

74.9 

LBI.E  XXI. — RtmltB  of  experiments  showing  the  susceptibility  of  different  varieties  of 

apple  trees  to  crown-gall  and  hairy-root. 


Variety. 


fUow  Transparent 
roif  River 

itfd»  Blush. 

femeose 

idenburg 

teoorl 

f— ^H^w 

I«l  June 

niitney 

tambo 

taldwin 

laiio 

Iriome 

feric  IiiiiMrtii. .... 

kttanes.... 

Iwth  w  e  8 1  e  r  n 
Greeoliig. 

loott  Winter 

fdlow  Bellflower.. 

HertbemSpy 

leoD^ta 

walbrldie 

Martbr! 


CnwTk- 


Percent. 

M.4 

27.1 

21.1 

10.1 

17.8 

17.7 

15.5 

15.1 

15.0 

14.8 

14.2 

11.9 

11.7 

11.1 

t.9 

9.8 

8.4 

7.7 

7.5 
7.3 
6;9 
6.2 
5.2 
4.8 


Variety. 


BisnDvfto 

Wolf  River 

Northern  Spy 

Orlmes. 

Qano 

North  western 
Greening. 

Red  June 

Missouri 

Scott  Winter 

Rambo 

Yellow  Bellflower 

Wealthy 

Walbrldge 

York  Imperial... 

Fameuae 

Maiden  Blush 

Mlnkler 

Salome 

Yellow  Transpar- 
ent. 

Oldenburg 

Jonathan 

Martha 

WhUaey 

Baldwin 


Hairy- 
root. 


Percent. 
20.9 
25.3 
19.1 
15.3 
12.6 
10.5 

10.5 
10.4 
9.3 
9.3 
9.2 
8.9 
8.9 
&3 
7.4 
7.3 
7.0 
6.9 
6.9 

6.3 
5.9 
5.9 
5.6 
4.7 


Variety. 


Woir  River 

Wealthy 

Ben  Davis 

Yellow  Transpar- 
ent. 

Maiden  Blush 

Northern  Spy 

Missouri 

Fameuse 

Red  June 

Gano 

Oldenburg 

Grimes 

Rambo 

Jonathan 

Whitney 

North  western 
Greening. 

York  Imperial 

Salome 

Scott  Winter 

Mlnkler 

Baldwhi 

Yellow  Bellflower. 

Walbrldge 

Martha 


Crown- 

gall  and 

hairy- 

root. 

Percent. 

46.4 

43.3 

36.1 

34.0 

20.4 

28.0 

25.9 

29.8 

25.5 

24.3 

24.0 

23.7 

23.5 

21.0 

20.4 

18.2 

18.1 

18.0 

16.8 

16.8 

16.6 

16.5 

14.1 

10.7 

Number 
octrees. 


660 
6,221 
2,870 
2,114 


1,< 
4,166 
5,591 
552 
2,152 
2,284 
1,883 
2,477 
1,148 
1,668 
2,287 
3,963 

4,073 

623 

613 

1,251 

1,497 

546 

2,328 

1,286 


In  Table  XXI  m  the  first  two  columns  is  given  the  percentage  of 
trees  of  24  varieties  diseased  with  crown-gall,  arranged  in  the  order 
of  their  susceptibility^  from  the  highest  to  the  lowest;  in  the  third 
and  fourth  columns  is  given  the  percentage  of  the  same  varieties  dis- 
eased with  hairy-root,  similarly  arranged;  in  the  fifth  and  sixth  col- 
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umns  the  results  of  the  first  four  columns  are  combined;  and  in  ^b4 
last  column  is  given  the  total  number  of  trees  of  each  variety  grows 
in  five  years. 

Tablb  XXII. — RetulU  of  experimenU  showing  the  variation  in  tuseeptibUitf  to 

of  Kionsfrom  different  localitieB. 


VARIETY,  WOLF  RIVER.    EXPERIMENT  CONDUCTED  IN  EASTERN  KANSAS. 

Num- 
ber of 

Location. 

Trees  in  experimoiL 

nu»- 
«7. 

Number. 

DiMsaed.    Galled. 

1 

UMrr. 

1 

Iowa 

244 

50 

250 

lao 

175 
280 
190 
250 
327 

PereenL 
40.2 
38.0 
36.4 
33.3 
30.8 
30.3 
26.8 
26.4 
22.5 

PereaU. 
20l1 
14.0 

'^'T. 

2 

do 

ii.1 

9 

Mtasouri 

17.2             MLt; 
14.8             lU 
1L4              lft.4 

3 

do 

6 

do 

8 

Iowa 

ia7 

8.9 
8.0 
6.4 

I7.t 
U.4 

li.i 

6 

Olffoml^ 

4 

If  InhfMii 

7 

Ohto.". 

VARIETY,  WEALTHY.    EXPERIMENT  CONDUCTED  IN  EASTERN  MISSOURL 


12 

Miawurl 

346 
800 
300 

90 
200 

85 
377 
190 
315 

29.6 
25.0 
23.0 
22.2 
21.0 
20.0 
19.4 
14.2 
12.1 

188 
201 
17.6 
16.7 
13.0 
14.1 
14.3 
7.9 
&0 

Hit 
4.1, 

lii 

11 

Kansas .... 

1 

Iowa 

10 

CaUfomia 

3 

MlMAIlri 

0 

do 

7 

Ohio 

JlJ 

2 

Iowa 

il< 

4 

Michigan 

VARIETY,   YELLOW    TRANSPARENT.    EXPERIMENT   CONDUCTED   IN  EASTSBK 

NEBRASKA. 


^Il 


1 
3 
4 

2 
6 
5 


Iowa 

Missouri. 
Michigan . 

Iowa 

Missouri. 
California 


300 

19.1 

2.8 

200 

10.0 

5.0 

460 

8.7 

3.5 

190 

7.9 

3.2 

177 

7.2 

1.7 

335 

6.3 

1.8 

il 
U 
12 

t: 

if 


Table  XXIII. — Results  of  experiments  showing  the  comparative  communieabHity  ^ 

forms  of  crown-gall  and  havry-root. 


Treatment  of  seedlings. 


1,  Control,  cut 

2,  Control,  chip  inserted 

3,  Piece  of  soft  gall  inserted 

4,  Piece  of  hara  Kail  inserted 

5,  Piece  from  hury-root  seedling  inserted 
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Seedlings  in  experiment. 


Number. 


1,447 
1,426 
1,382 
1,324 
1,330 


Galled. 


Per  cenL 
0.8 
1.1 
8.7 
1.6 
3.1 


Hsirr 


m  4 

&2 
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JLJLW. — RauU$from  uaing  root  graJU  inoculated  with  pieces  of  apple  crown-gall 

of  the  toft  form. 


Knm'ber  of  experiment. 

Age 
of  trees. 

Number 
of  trees. 

Uninoculated 
grafts. 

Orafti  inocu- 
lated with  gall 
chip. 

Grafts  with 
root  chip  in- 
serted. 

Galled. 

Hairy. 

Galled. 

Hairy. 

GaUed. 

Hairy. 

1  year. . . 

2  yean.. 

3  yean.. 

1  year. . . 

2  yean.. 

1,600 
1,445 
1,378 

Perd. 

25.3 

&3 

3.8 

Perd. 
4.1 
9.Z 
Oi4 

Perd. 
45.4 

3&6 
1ft  5 

Perd. 
3.6 
6.3 
7.6 

Perd. 
39.5 

ia6 

46 

Perd. 
2.8 

8.3 

ia4 

4,423 

las 

7.5 

34.2 

5.8 

18.9 

7.1 

464 
661 

4.2 

14.7 

11.1 
12.9 

38. 0        17. 0 

14.7 
16.5 

17.1 

35.7 

2a5 

15.2 

......... 

1,125 

ia4 

12.1 

36.5 

1ft  2 

15.7 

l&O 

1,586 

8.0 

8.1 

22.6 

&8 

ia7 

ia7 

.......... 

Tfftnl 

7,134 

11.8 

8.5 

31.4 

8.5 

16.5 

ftO 

kBLE  XXV. — Results  of  experiments  showing  the  increase  in  the  communicability  of  dis- 
ease due  to  defective  root  grafting. 


Number  of  experiment. 

Age  of 
trees. 

■ 

Trees  with  grafts  well  made. 

Trees  with  grafts  poorly  made. 

Number. 

1,078 
898 
996 

GaUed. 

Hairy. 

Number. 

Galled. 

Hairy. 

1  year 

2  yean 

3  yean 

• 

1  year 

2  yean.... 

2  yean 

Percent. 

ia3 

5.1 

ai 

Percent. 
2.6 
5.3 
6.5 

869 
771 
789 

Percent. 

55.0 

15.3 

4.3 

Percent 

ai 

7.4 

ia3 

2,974 

7.6 

5.0 

2,429 

25.9 

6.8 

268 
447 

11.6 
7.4 

4.1 
ft2 

247 
401 

51.5 
16.5 

L6 
16.2 

715 

&8 

7.3 

648 

29.8 

ia7 

1,283  1           6.9 

7.9 

1,035 

1ft  9 

11.9 

Total 

4,972  1           7.8 

5.9 

4,112 

25.0 

&8 

1 

?ABLB  XXVI. — Results  of  experiments  urith  scions  taken  from  trees  diseased  with  crown- 
gall  and  with  scions  from  healthy  trees.     (Experiment  1.) 


Variety. 


Number  obtained  from  scions    Number  obtained  from  scions 
from  healthy  trees.  from  diseased  trees. 


Colllns 

WealthT 

York  Imperial 

Qino 

Jonathan 

^      Total 

Wroentage  for  all  five  varieties 
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Smooth. 

Galled. 

Hairy. 

122 

71 

52 

29 

56 

21 

112 

24 

8 

107 

30 

33 

207 

36 

25 

577 

217 

139 

61.8 

23.3 

14.9 

Smooth. 


106 
19 
99 
77 

191 


Galled.      Hairy. 


53 
75 
36 
16 
58 


107 
10 
18 
33 
38 


238 
25.5 


206 
22.0 
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Tablb  XXVII. — RmuUs  from  ixperimenU  with  sciom  taken  from  trees 
crown^gaU  and  with  sciomfrom  heakhy  trees.    (Experiment  i.) 


CRWQ90B  mitt 


Variety. 

Number  obtained  from  actons 
from  healthy  trees. 

Number  obtained  Cram  adoB 
from  diseased  tree& 

Rmooth. 

GalM. 

Hairy. 

Smooth. 

Galled  • 

HairT. 

Oaao 

236 

281 

87 

3 

03 

2 

44 

200 

16 

» 

Wealthy 

44  I           388 

109              O 

Wolf  River 

12 

104 

14 

m 

TotaL 

604 

7&3 

96 
12.2 

100 
12.5 

602 

684 

IflO 

m 

Peroentaee  for  lUl  three  varieties 

lft6 .           Hi 

1 

Tablb  XXVIII. — Remits  from  experiments  with  scions  taken  from  trees  diseated  «i& 
hairy-root  and  with  scions  from  healthy  trees.    {Experiment  i.) 


Variety. 

Number  obtained  ftom  scions 
flram  healthy  trees. 

Number  obtained  from  i 
from  diseased  txves. 

ckioi 

Smooth. 

Oalled. 

Hairy. 

Smooth. 

Galled.       Hi 

liy- 

Northern  Soy 

70 

236 

87 

87 

0 
3 
2 

2 

13 
44 
12 
12 

68 
ISO 
140 

30 

3 

7 

u 

Qaoo 

m 

Wolf  River 

2 

1  1 

s 

n 

Total 

480 
84.5 

7 
L2 

81 
14.3 

418 
71.2 

13  > 

2.2 

lA' 

Peroentaee  for  all  Ibur  varieties 

&• 

Table  XXIX. — Results  from  experiments  with  scions  taken  from  trees  diseased  ifick 
croton-^ll  and  with  scions  from  healthy  trees.    (Experiment  S.) 


Variety. 

Numberobtained  fromsctons 
from  healthy  trees. 

Numberobtained  from  aekta 
from  dfcviased  ti«es. 

I^mooth. 

Galled. 

Hairy. 

Smooth.     Galled.      Hsirr. 

Wolf  River 

46 
65 
93 

20 

4 
83 

14 
35 
11 

38  ;              6  -            It 

Qano 

43 :           0 

127             153 

a 

Wealthy 

u 

Total 

204 

549 

107 
2&9 

60 
16.2 

208              159 
47.3            36.1 

n 

Peroentase  for  all  thrM  varieties 

ifci 

Tabte  XXX. — Results  from  experiments  tvith  scions  taken  from  trees  diseased  with  Aovf- 

root  and  with  scions  from  hecdthy  trees.    (Experiment  S.) 


Variety. 


Wolf  River... 

Gano 

Wealthy 

Northern  Spy. 
Charlamoff 


Total 

Percentage  for  all  five  varieties 
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Number  obtained  from 
scions  from  healthy  trees. 

Number  obtained  from 
scions  from  diseased  tnes. 

Smooth. 

Galled. 

Hairy. 

Smooth. 

Galled.      Bafty 

46 
65 
93 
,            16 
14 

20 

4 

83 
6 
0 

14 

35 

.  11 

17 

7 

44 

47 
37 
13 
24 

20*           5 

10  « 
16               f 

0  i 

1  « 

234 
548 

113 
26.2 

84 
19.5 

165 
50.0 

47             llf 
142            ft« 

RESULTS  OF  EXPERIMENTS. 
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XXXI. — Retulu  from  experiments  showing  the  deereoie  of  disease  among  trees 
in  nursery  rows  during  the  second  and  third  years.    (Experimental  set  1.) 


ti  lumber  of  experiment. 


Total. 


Diseased  trees, 

Diseased  trees, 

Namber  of 

first  year. 

second  year. 

trees  in  ez- 

perlment. 

GalbM). 

Hairy. 

Galled. 

Hairy. 

Percent. 

Percent. 

Percent. 

Percent. 

9,814 

24.5 

6.2 

13.8 

9.8 

4,271 

47.7 

3.0 

10.3 

6.3 

6,252 

24.2 

7.5 

4.3 

9.1 

3,079 

13.3 

2.6 

5.1 

5.3 

2,139 

25.3 

4.1 

&3 

9.3 

980 

16.7 

7.4 

6.2 

7.4 

1,671 

26.9 

7.3 

6. 8           10. 6 

1 

28,206 

26.7 

5.5 

9.1 

8.6 

Diseased  trees, 
third  year. 


Galled.      Hairy. 


Percent. 
7.7 
3.6 
1.8 
3.1 
3.6 
.9 
7.6 


4.7 


Percent. 
9.7 


6.2 
8.7 
6.6 
9.8 
11.2 
10.6 


a7 


JBUE  XXXII. — ResiUts/rom  experiments  showing  the  decrease  of  disease  among  trees 

in  Ttursery  rows  the  second  year.    (Experimental  set  2.) 


Number  of  experiment. 


Total. 


Number  of 
trees  in  ex- 
periment. 


Diseased  trees, 
first  jrear. 


Diseased  trees, 
second  year. 


Galled.  '   Hairy.   '  Galled.      Hairy. 


2,480 
1,187 
1,733 
1,369 
1,105 
201 
379 


8,454 


Percent. 

Percent. 

Percent. 

22.6 

7.6 

19.1 

24.7 

6.0 

12.0 

9.1 

7.9 

2.8 

30.7 

2.9 

11.5 

15.1 

14.7 

20.6 

3.4 

13.1 

3.4 

14.5 

11.4 

14.9 

20.0 

7.9 

12.8 

Percent. 
13.1 
10.5 
9.7 
12.5 
15.4 
27.3 
12.1 


10.3 


*ABLB  XXXIII. — Results  from  experiments  showing  the  decrease  of  disease  among  trees 

in  nursery  rows  the  third  year.     (Experimental  set  3.) 


Number  of  experiment. 


I 

\ 

I 

> 

\ 

7 

Total 
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Diseased  trees. 

Diseased  trees, 

Number  of 

second 

year. 

third  year. 

trees  in  ex- 

periment. 

GaUed. 

Hairy. 
Percent. 

Galled. 
Percent. 

Hairy. 

1 
i 

Percent. 

Per  cent. 

2,308 

11.7 

6.7 

3. 3  ;           13. 5 

556 

12.5 

4.3 

1. 8              4. 7 

1,005 

6.2 

6.8 

1.1 

10.3 

446 

12.6 

5.4 

9.1 

7.2 

642 

20.6 

4.6 

1.9 

5.6 

133 

9.0 

10.4 

.0 

3.0 

136 

14.1 

14.1 

3.1 

13.8 

5,226 

11.7 

6.4 

2. 6              10. 2 
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Tabls  XXX1\. —Condition  of  the  roou  of  the  tnes  in  ordiardM  1  and  t  at  tke 

planting. 


Namber  of  orohard. 

Number 
of  trees 
planted. 

Healthy  trees. 

Ostodtnes. 

Number. 

Percent. 

Nambar. 

1 
FteflBBL. 

1 

ao6 
asi 

112 
122 

53.8 
46.7 

9S 
Ui 

«Li| 

a 

u 

Total.. 

460 

234 

49.9 

2IS 

a.1 

Tablb  XXXV. — Condition  of  the  roots  of  the  trees  in  orchards  1  and  S  after  six  ^erw 

growth. 


Number  of  orehard. 

Dead  trees. 

Healthy  trees. 

Galled  trees. 

Hairy-tooted  tnB. 

Number. 

Per  cent. 

Number. 

Percent. 

Number. 

Per  cent. 

Number. 

P-C-L 

1 

18 
35 

&6 
13.4 

115 
111 

65.3 
42.5 

21 
53 

lai 
2a3 

54 

62 

&^ 

2 

A« 

Total 

53 

11.3 

226 

48.2 

74 

15.8 

116  1           34: 

Tablb  XXXVI. — Results  from  experiments  showing  the  development  0/  disease 

healthy  trees  grown  for  six  years  in  orchards  1  and  2. 


Number  of  orchard. 

Healthy 

trees 
planted. 

Condition  of  trees  after  sU  jcars. 

Dead. 

Healthy. 

Galled. 

Haiiy. 

I 

2 

112 
122 

10 
13 

83 
.  70 

1 
10 

Total 

284 

100 

23 
9.8 

153 
65.4 

11 
4.7 

4; 

Percent 

&1 

Tablb  XXXVII. — Results  of  experiments  showing  the  recovery  of  diseased 

six  years  in  orchards  1  and  t. 


trees  dm9§ 


NumN*r  of  orchard. 

Diseased 

trees 
planted. 

Condition  of  trees  after  six  yesrs. 

Dead. 

Reoovcr- 

nailed. 

Htty- 

1 

96 
139 

8 
22 

32 
41 

20 

a 

« 

2 

8 

Total 

236 
100 

30 
12L8 

73 
SLl 

63 
218 

• 

Per  cent 

&} 
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XXXVIII . — EuuUs  of  experiments  in  wrapping  root  grafts,    {Experiment  1 . ) 


• 

Trees  1  year 

old. 

Trees  2  years 

old. 

Trees  3  years  old. 

Kind  of  wnq;>plxiK. 

Ntun- 
ber. 

Galled. 

Hairy. 

Num- 
ber. 

GaUed. 

Hairy. 

Num- 
ber. 

Galled. 

Hairy. 

tfck 

553 
546 
525 
504 

561 
391 
312 

P.et. 
9.9 
&6 
25.3 
22.2 
31.5 
41.9 
46.5 

P.et. 
2.9 
3.9 
3.8 
10.7 
7.5 
9.5 
6.1 

538 
478 
486 
480 
521 
386 
273 

P.et. 

7.6 
9.2 

las 

12.4 
19.8 
14.8 
29.7 

P.et. 

4.3 

8.6 

8.2 

11.3 

11.7 

15.8 

11.3 

566 
523 
508 
469 
530 
380 
273 

P.et. 

2.6 

5.0 

6.3 

7.7 

11.3 

10.5 

15.0 

P.et. 
4.6 

bbcr 

9.5 

s«4  paper 

10.0 

In  tbread 

11.3 

ix^^  thretMl 

0.8 

^rrappine 

11.3 

laced  union 

12.5 

XXXIX. — ReeuUe  of  experiments  in  wrapping  root  grafts.    {Experiment  2.) 


Kind  of  wrapping. 

Trees  1  year  old. 

Trees  2  years  old. 

Number. 

Galled. 

Hairy. 

Number. 

Galled. 

Hairy. 

lotb 

142 
147 
143 
148 
121 
144 
65 

Pereemt. 
9.9 
10.2 
28.7 
1&9 
24.8 
33.3 
7a7 

Per  cent. 
3.5 
4.1 
9.1 
10.8 
9.9 
7.6 
7.7 

254 
239 
238 
234 
253 
245 
47 

Percent. 
ia2 
12.5 
17.2 
19.7 
23.3 
21.6 
42.6 

Percent. 
5.5 

n'bber 

12.1 

raxed  paper 

12.6 

laip  tbr*^ ...    

14.1 

JttYed  thread , , , , 

15.0 

'o  wraDplne 

15.1 

(Taxed  union 

e.4 

Table  XL. — Results  of  experiments  in  wrapping  root  grafts.    {Experiment  3.) 


Kind  of  wrapping. 

Trees  2  years  old. 

Trees  3  years  old. 

Number. 

Galled. 

Hairy. 

Number. 

GaUed. 

Hairy. 

Cloth 

201 
168 
160 
173 
185 
185 
87 

Percent. 
10.4 

7.7 
11.9 

R.  1 
12.4 
14.  G 
21.9 

Percent. 
8.0 
4.8 
6.3 
10.4 
6.5 
5.4 
4.6 

193 
174 
158 
193 
179 
174 
OS 

Per  cent. 
3.6 
1.7 
2.5 
4.1 
4.5 
3.5 
3.0 

Per  cent. 
6.7 

Rubber 

9.2 

Waxed  pap^r 

15.8 

Plain  thiead 

16.6 

Waxed  thread 

No  wraDPinjr. 

14.0 
18.4 

Waxfd  union 

17.6 

Table  XLI. — Results  of  experiments  in. wrapping  root  grafts.    {Experiment  4.) 


• 

Trees  2  years  old. 

Kind  of  wrapping. 

Arkansas  plat. 

Missouri  plat. 

Number. 

Galled. 

Hairy. 

Number. 

Galled. 

Hairy. 

Cloth 

404 
386 
.374 

aso 

.359 
352 
175 

Percent. 
4.0 
4.9 
2.4 
3.2 
7.5 
6.5 
10.9 

Per  cent. 
6.7 
10.1 
13.1 
22.1 
19.5 
19.0 
17.1 

340 
392 
292 
293 
344 
335 
298 

Percent. 
6.8 
5.1 
8.6 
6.4 
8.7 
7.8 
13.1 

Per  cent. 
5.0 

Rublifr..         . 

13.5 

Waxed  Daoer 

14.0 

PWn  thni"? ; . . . . 

13.7 

Waxed  thread 

11.3 

No  wnmoiiiE 

19.4 

Wucd  union 

18.1 

IM 


I 
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Tkble  XLII. — Combined  Tttulu  far  three  yean  of  txperimtnu  in  trrapping 

{ExperimenU  1  to  4.) 


Trees  1  year  old. 


Trees  2  years  old. 


Trees  3 


Kind  of  wrapping. 


Ntim« 
ber. 


Galled. ,  Hairy. 


^^'    Galled. '  Hairy.    ^^ 


Galled.   Hairr. 


Cloth 

Rubber 

Waxed  paper. . 
Plain  thread... 
Waxed  thread. 
No  wrapplQi:. . 
Waxed  union.. 


P.et. 

P.  a. 

P.«. 

P.ct. 

7W 

9.8 

4.4 

1,737 

7.3 

5.9 

003 

8.9 

3.0 

1,661 

7.6 

10.2 

668 

26.0 

6.0 

1,5a) 

9.3 

11.0 

652 

21.5 

10.7 

1,566 

9.6 

14.9 

662 

30.3 

8u0 

1,662 

14.6 

13.1 

535 

30.6 

9.0 

1,504 

12.4 

16.5 

>        379 

48.8 

6.6 

038 

21.5 

14.1 

759 

606 

672 
705 
563 
3U 


2.9 
4.1 
5.4 
6.6 
».5 
&4 
12.6 


S.I 
«.» 

114 

12.ft 
1L$ 
115 
US 


Table  XLIII. — Final  summary  of  rendu  of  experiments  1  to  4 

grafte. 


in   vrapping  ro^ 


Ckrth 

Rubber 

Waxed  paper. . 
Waxed  thread. 
Plain  thread... 
No  wrapping . 
Wax  covered. . 


Kind  of  wrapping. 


Total I      14,791 


Healthy 
trees. 

Galled 
trees. 

rooted 
trees. 

Number. 

Ptreenl. 

Ptrer^ 

2,814 

6.8 

Li 

2,5n 

7.1 

&« 

2,251 

12.3 

i: 

2.178 

16.9 

a: 

2,168 

11.6 

13.4 

1,784 

17.2 

14.1 

1,023 

26.0 

112 

14,791 

Table  XLIV. — Results  of  experiments  in  toasking  apple  scions  and  roots  in  a  f  per  cent 

copper-sulphate  solution. 


Variety. 


Trees  grown  from  untreated  ,  Trees  nown  from  st4x^k  treabd 
stock.  with  copper  sulphate. 


Smooth. 


Wealthy 

Northern  Spy 
Gano 

Total... 
Per  cent 


115 
67 
77 


249 
54.1 


Galled. 


I 


121 
8 
2 


131 
25.5 


Hairy. 


23 

9 

48 


80 
17.8 


Smooth.     Galled 


49 
33 
40 


122 
70.5  I 


Hairy. 


37 
1 
2 


30 
17.4 


1 

4 
H 

fl 
111 
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DESCBIPTION  OF  PLATES. 

Plate  I.  Frontispiece.  Fig  1. — A  2-year-old  York  Imperial  apple  tree  diseased  with 
the  hard  form  of  crown-galL  Thia  tree  was  plantea  in  orcnard  1  and  is  typical  of 
the  most  eeriouBly  diseased  trees  planted  m  the  experimental  orchards.  Fir 
2. — A  2-year-old  Ben  Davis  apple  tree  diseased  witn  the  wooUy-knot  form  cf 
hairy-root.  This  tree  was  planted  in  orchard  4  and  is  typical  of  many  of  the  trees 
in  this  orchard. 

Plate  II.  Fig.  1. — ^Two  seedling  apple  trees  diseased  with  the  soft  fonn  of  crown-gaU. 
These  were  graft-inoculated  with  pieces  of  live  soft  crown-galls  from  the  TO:*ud 
rose  bushes  before  they  were  planted  out.  Fig.  2. — ^Two  seedling  apple  trees  dis- 
eased as  those  in  figure  1,  except  that  they  were  inoculated  with  pieces  of  live  foi' 
galls  from  the  roots  of  raspberry  plants.  Fig.  3. — ^Two  yearling  Wealthy  apj4f 
trees  diseased  with  the  hard  form  of  crown-gall.  These  trees  were  gnrwn  iri« 
root  grafts,  and  the  galls  formed  on  the  scion  portion  of  the  trees  above  the  unijo 
of  the  scion  and  root  pieces.  Fig.  4. — A  2-year-old  root-grafted  York  Imptml 
apple  tree  diseased  with  the  hard  form  of  crown-gall  on  the  lower  end  of  the  sch^n 
1  ig.  5. — ^The  same  form  of  disease  as  that  shown  in  figures  1  and  2  on  a  2-\*ear<uk 
Wealthy  apple  tree  in  which  the  gall  siuTounds  the  union. 

Plate  III.  Fig.  1. — Yearling  apple  tree  diseased  with  the  simple  form  of  hair>'-n>»t 
These  are  typical  of  the  seealings  used  in  the  experiments  with  this  form  of  :h** 
disease.  Fig.  2. — A  2-year-old  Jonathan  apple  tree  diseased  with  the  bn>om-fi'"t 
form  of  hairy-root,  from  cooperative  plat  3.  Fig.  3. — A  healthy,  smooth-nn'ted 
apple  tree,  typical  of  those  planted  in  orchards  1  to  4.  Fig.  4. — A  healthy  seetiliiff 
apple  tree  with  an  excess  of  fibrous  roots,  but  not  a  trace  of  either  crown-frali  * 
hairy  root. 

Plate  J  V.  Fig.  1. — An  early  stage  of  the  aerial  form  of  hair>'-root  at  the  base  of  a  ter- 
minal bud  on  a  Oharlamoff  apple- tree  twig.  Fig.  2. — ^Another  portion  of  the  sam« 
twig,  showing  the  knot  that  formed  during  each  of  the  preceding  years  at  the  base 
of  the  terminal  bud.  Fig.  3. — Early  stage  of  the  aerial  form  ot  nairj'-root  at  the 
base  of  buds  on  a  much  lai^er  limb  of  the  same  tree  from  which  the  twigs  ghoini 
in  fi<?ures  1  and  2  were  taken. 

Plate  \  .  Fig.  1 . — Mature  stage  of  the  aerial  form  of  hairy-root  on  a  limb  of  a  Wineeap 
seedling  apple  tree.  Fig.  2. — Another  diseased  limb  of  the  same  tree,  showing  a 
development  of  roots  (woollv-knot)  from  some  of  the  knots  after  the  limb  had  beet 
pla(M»d  in  a  moist  chamber  for  two  weeks. 

Plate  VI.  Fig.  1. — A  longitudinal  section  of  a  grafted  apple  tree  through  a  soft  crovn- 
^all  2  months  old,  formed  on  the  lower  end  of  the  scion  of  a  jKwrly  fitted  rwM  fsnii 
in  an  experiment.  Fig.  2. — An  early  stage  in  the  development  of  the  simple  lonn 
of  hairy -root,  showing  the  origin  of  roots  from  the  base  of  ouds  on  a  yearling  apple 
seedling  when  placed  in  moist  sand  in  early  springtime.  Fig.  3. — A  later  sta^  in 
the  development  of  the  same  form.  Fig.  4. — An  older  stage  of  the  simple  form  of 
hairy-root,  showing  how  the  small  roots  dry  up  and  become  hair-like.  It  was  fr>m 
this  form  that  the  disea.se  received  the  name  "hairy-root.*'  Fig.  5. — A  longito- 
dinal  section  through  a  Wealthy  apple  tree  diseased  with  the  woolly-knot  form  of 
hairy-root.  Both  the  tree  and  the  knot  are  2  years  old,  the  latter  originating  in  t 
wound,  as  indicated  by  the  dark  line  in  the  tissues  beneath  the  knot.  Fig.  6.— A 
longitudinal  section  through  a  hard  crown-gall  on  a  2-year-old  Wealthy  apple  tre*. 
showing  the  origin  of  the  gall  from  the  lower  end  of  the  scion. 

Plate  VII .  Fig.  1 . — The  root  of  a  seedling  apple  tree  grown  from  a  cutting  taken  from 
a  seedling  apple  tree  diseased  with  the  simple  form  of  hairy-root.  Fig.  2.— The 
root  of  a  Charlamoff  apple  tree  grown  from  a  root  graft,  the  scion  of  which  ^-as  taken 
from  a  tree  diseased  with  the  aerial  form  of  hairy-nxjt.  Both  this  and  the  former 
tree  show  only  traces  of  the  woolly-knot  form  of  tne  disease  and  were  exceptionallr 
vigorous  trees.  Fig.  3. — Roots  of  a  yearling  Fameuse  apple  tree  grown  from  a 
root  graft  made  from  a  healthy  scion  united  with  a  root  piece  diseased  with  the 
simple  form  of  hairy -root.  The  scion  has  thrown  out  nealthy  roots.  This  v 
typical  of  the  varieties  of  apple  trees  which  root  readily  from  the  scion.  Fi«j.  4.— 
Roots  of  a  Jonathan  apple  tree  grown  similarly  to  the  previous  one.  This  tree  has 
not  thrown  out  roots  from  the  scion  and  is  typical  of  moee  varieties  of  apple  trees 
which  do  not  root  readily  from  the  scion. 
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^TE  VIII.  Fig.  1. — Apple  root  grafts,  showing  nine  kinds  of  wrapping  used  in  the 

experiments:  Ay  Orainarv  un waxed  thread;  -B,  wrapped  with  thread,  then  coated 

with  grafting  wax ;  C,  cloth  wrapping,  the  outer  end  oi  the  strip  fastened  down  with 

grafting  wax;  i),  ordinary  waxed  thread;  j&,  thin  sheet-rubber  strip  with  the  end 

cemented  down;  Fj  a  graft  without  wrapping;  G,  waxed  paper  strip;  II,  raffia, 

completely  covering  the  union;  /,  ordinary  rama  wrappinj?.    Fi^.  2. — Root  grafts 

showing  excessive  callus  at  the  lower  blunt  end  of  the  scions.    This  callus  lavors 

the  entrance  of  the  disease.    When  planted  in  an  experiment  in  the  greenhouse, 

these  root  grafts  all  developed  crown-gall  at  the  point  of  formation  of  callus. 

JLTE  IX.  Fig.  1. — ^The  stump  of  an  8-year-old  Collins  apple  tree  grown  in  orchard  1. 

This  tree,  the  largest  in  tne  orchard,  was  diseased  with  the  woolly-knot  form  of 

hairy-root.     Fig.  2. — Apple  root  grafts  and  seedlings  used  in  the  experiments:  Ay 

A  hand-wrapped  root  graft;  B,  a  machine-wrapped  root  graft;  C  and  Z>,  poorly 

fitted  root  grafts;  E  and  Fy  healthy  apple  seedlings;  G  and  Hy  apple  seedlings 

diseased  with  hair\'-root. 

ULTE  X.  Two  rows  of  Collins  apple  trees  in  orchard  1  at  the  age  of  8  years:  Ay  This  row 

was  diseased  with  the  hard  form  of  crown-gall  when  set  in  the  orchard;  J?,  this 

row  was  healthy  when  set  in  the  orchard  and  remained  comparatively  so  until  the 

end  of  the  experiment. 
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Fta.  1  .—Soft  Form  of  Crown-Gall  o 
THE  Apple,  from  Inoculation  wit 
Rose  Galls. 


FiQ.  2.— Soft  Foam  i 
THE  Apple,  from 
Raspberry  Galls, 


■  Crown-Gall  of 


Fio,  3.— Hard  Form  of  Crown- 
Gall  ON  the  Scion  Portion 
OF  Root-Grafted  Apple 
Trees. 


3.  1.— Simple  Form  of  H*inY-RooT  on 
^ppLE  Seedlinqs,  Tvpicau  of  Those 
liSED  IN  THE  Experiments. 


Fig.  3.-He*LTHv  Root-Ghafteo  Apple 
Thee,  Showing  the  Tvpe  of  the 
He*lthv  Trees  Planted  in  the  Ex- 
perimental Orchards. 


duMrj,  U.  S.  D«pt.  of  Agricull 


.   1,— EABLY  St4QE 
FTHE  AEHIALFORM 

F    HAIflV-BOOT    ON 

N  Apple  Twiq. 


Fig,  2.— Later  Stage 

OF  THE  AEflUL  FORM 

THE  Same  Twig  as 
That  Shown  in  Fig- 
ure 1. 


i 


Fio.  1.— Mature  Stage  of  the  Aehial 
Foam  of  Hairy-Root  on  a  Winesap 
SEEDLrNG  Apple  Tree. 


Fig.  2.— Root  Production  from  the 
AERIAL  Form  of  Hairy-Root  on  a  Limb 
FROM  the  Same  Tree  as  That  from 
Which  the  Limb  Shown  in  Figure  1 
WAS  Taken. 


1.1.— Radial   Seo-  Fia. 2.— EablvStaoe  Fw.  3.— A     Lat 

ION        THROUGH      A  OF     THE     SIMPLE         STAQE    IN    THE 

kJFT   Crown-Gall  Form  of   Hairy-      velopment  of  ■ 

H   AN  Apple  Root  Root  on  an  Apple      SameFqrmasti 


Shown  in  Figure  2.      Being  h 


;  FiQ.  4.— An  Older 
Staqe  of  the  Sim- 
ple Form  of  Hairv- 
RooT.  Many  Roots 


Fig,  5.— Radial  Section 
Woolly  Knot  Originating  in  a 
Wound  on  the  Scion  of  a  Root- 
Grafted  Apple  Tree. 


Fiq.  6.— Radial  Sectioi 
Hahd  Crown-Galu  Originating  on 
THE  Lower  End  of  the  Scion  of  a 
Root-Grafted  Apple  Tree. 


'iG.  1  .—Root  of  an  Apple  Tree  Gbown 
FROM  A  Cutting  Taken  from  a  Seed- 
ling Apple  Tree  Diseased  with  the 
Simple  Form  of  Hairy-Root. 


Fns.  2— Root  of  a  Grafted  Apple  Tree 
Grown  from  a  Scion  Taken  from  *  Dis- 
eased Limb  of  the  Thee  Twigs  and  a 
Limb  of  which  are  Shown  in  Plate  IV. 


^ 

W^ 

:^ 

Fig.  3.-R00TS  OF  A  Fameuse  Apple 
Tree  Grown  from  a  Root  Graft 
WITH  THE  Root  Piece  Diseased  with 

HAIHY-fiOOT.     BUT      WITH       HEALTHY 

Roots  ok  the  Scion, 


Fig.  4.— Roots  of  a  Jonathan  Apple 
Tree  Grown  from  a  Root  Graft 
Diseased  with  Hairy-Root,  but  with 
NO  Roots  on  the  Scion. 
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—Apple  Root  Grafts  Showing  Nine  Kinds  OF  Wrapping  Used  in  the 


i'  1    .1  \A 


Fig.  2.— Apple  Root  Grafts  and  Seedlings  Used  in  the  Exf 


Typical  Rowsof  Trees  in  Orchard  1:  .1.  A  Row  of  Collins  Apple  Trees  Diseased 
WITH  THE  Hard  Form  of  Cfiown-Gall  when  Planted  in  the  Orchaho;  II.  a  Row 
OF  THE  Same  Varietv,  Planted  at  the  Same  Time,  but  with  Healthy  Roots, 
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ial  form,  of  crown-gall.    See  Crown-gall,  aerial  form. 

iond  crown-gall.    See  Crown-gall,  almond.  Page. 

rood,  W.  B.f  experiments  on  the  cure  of  disease 69 

observationB  on  trees  affected  with  crown-gall 31 

statement  as  to  the  communicability  of  crown-gall 45 

dfleptiesy  use  on  root  grafts  for  control  of  crown-gall  and  hairy-root 65-66, 92 

!us,  'wcK>lly,  relation  to  spread  of  crown-gall  and  hair>'-root 49»  59 

pie,  Galdwin,  susceptibility  to  crown-gall  and  hairy-root 42, 85 

Ben  Davis,  susceptibility  to  crown-gall  and  hairy-root 40, 41, 42, 72, 74, 85 

Benoni,  effect  of  hairy-root 37 

crab,  Virginia,  inoculation  with  crown-gall 44 

cuttings,  diseased,  development  of  woolly-knot 15 

disease-resistant  varieties , 40, 74, 85 

Karly  Harvest,  susceptibility  to  crown-gall  and  hairy-root 41 

Fameuse,  susceptibility  to  crown-gall  and  hairy-root 40, 85 

Gano,  susceptibility  to  crown-gall  and  hairy-root 40, 41, 85 

Grimes,  susceptibility  to  crown-gall  and  hairy -root 40, 41, 85 

Jonathan,  susceptibility  to  crown-gall  and  hairy-root 85 

Maiden  Blush,  susceptibility  to  crown-gall  and  hairy-root 42, 43, 85 

Martha,  susceptibility  to  crown-gall  and  hairy-root 42-43, 85 

Minkler,  susceptibility  to  crown-gall  and  hairy-root 42, 85 

Missouri,  susceptibility  to  crown-gall  and  hairy-root 40, 85 

Northern  Spy,  susceptibility  to  crown-gall  and  hairy -root 40, 42, 72, 74, 85 

Northwestern  Greening,  susceptibility  to  crown-gall  and  hairy-root..  40, 42, 85 

Oldenbuig,  susceptibility  to  crown-gall  and  hairy -root 41, 85 

Rambo,  susceptibility  to  crown-gall  and  hairy-root 85 

Red  June,  susceptibility  to  crown-gall  and  hairy-root 41, 42, 85 

Rome  Beauty,  susceptibility  to  crown-gall  and  hairy-root 41 

Salome,  susceptibility  to  crown-gall  and  hairy-root 40, 85 

Scott  Winter,  susceptibility  to  crown-gall  and  hairy-root 85 

seedlings,  American  and  foreign  grown,  comparison,  experiments 26-27 

condition  relative  to  communication  of  crown-gall  and  hairy- 
root 49 

diseased,  use  in  root  grafting 23-25, 80, 82 

effect  of  injury  in  development  of  crown-gall  and  hairy-root.  16-17 

greenhouse  experiments 16-17 

grown  in  old  nurseries,  effect  on  health  of  trees 27, 82 

relation  of  age  to  development  of  crown-gall  and  hairy-root. .  17-18 
selection  for  grafting,  factor  in  control  of  crown-gall  and 

hairy-root , 60 

transplanted  in   nursery,   development  of  crown-gall  and 

hairy-root 81 

trees.    See  Trees,  apple. 

varieties,  in  experimental  orchards  for  study  of  crown-gall  and  hairy- 
root 37,39,85,86 
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Apple,  varietic?8,  susceptibility  to  crown-gall  and  haity-root 4€i, 

Walbridge,  eusceptibility  to  crown -gall  and  hairy-root 

use  in  top  grafting  on  Wealthy  apple 

Wealthy,  effect  of  galls,  orchard  at  Arlington,  Nebr 

susceptibility  to  crown-gall  and  hairy-root.  40,  4 1,  42^  43, 7% 

top  grafting  with  Walbridge 

Whitney,  susceptibility  to  crown -gall  and  hair>'-root _ 

Wolf  River,  susceptibility  to  crown-gall  and  hairj'-rooL 

41,  42,  43i  72, 

Yellow  Bellflower,  susceptibility  to  crown-gall  and  hairy-root 

Transparent,  susceptibility  to  crown-gall  and  hairy-root 

42, 43,  r2,:i^ 

York  Imperial,  susceptibility  to  crown-gall  and  hairy-root. 

Arkansas  Agricultural  Experiment  Station,  apple  trees  diseased  -vritli  haizr- 

root,  appearance 

Bacterium  tumefaciens,  cause  of  crown-gall 

from  soft  crown-gall  of  peach,  inoculatioii    of  apple 

stems _ 

Baldwin  apple.    See  Apple,  Baldwin. 

Bell,  CO.,  statement  on  appearance  of  orchard  trees  affected  with  cro^vrn-gall. 

Ben  Davis  apple.    ^SV^  Apple,  Ben  Davis. 

Beuoni  apple.    See  Apple,  Benoni. 

Blair,  W\  S. ,  report  on  occurrence  of  hairy -root  in  Ontario 

Borers,  injury  to  apple  trees 

Botrytis,  fungus  attacking  stored  grafts 

Broom-root,  description,  occurrence,  etc 14-15. 

variant  name  for  hairy-root | 

See  also  Hairy-root. 

Brown,  Nellie,  investigation  of  hairy-root 

Budded  trees.    /Se€  Trees,  budded. 

Budding,  apple  trees,  method  for  control  of  crown-gall  and  hairy-root 

recommended  for  certain  varieties  of  apples 7i 

Burton,  J.  A.,  statement  on  effect  of  hairy-root  on  apple  trees 

Butz,  G.  C. ,  attempt  to  prevent  disease  in  orchards 

experiment  with  apple  trees  affected  with  galls 

experiments  for  cure  of  crown-gall H 

statement  on  communicability  of  crown-gall \ 

California,  propagation  of  apple,  method  recommended | 

Callus,  formation,  relation  to  crown-gall 46-48, 

on  root  grafts,  wrapping  for  control  of  crown-^l  and  hairy-root 

packing  apple  grafts  for  control  of  development 

relation  to  wounds,  experiment 

Central  States.    See  States,  Central. 

Clinton,  G.  P.,  report  on  experiment  for  cure  of  crown-gall  and  hairy-root 

Cloth,  use  in  wrapping  root  grafts,  method,  directions,  etc 61, 63, 

Copper,  sulphate,  use  as  spray  for  nursery  bins ' 

on  root  grafts  and  scions 

Crab  apple.    See  Apple,  crab. 

Crown-gall,  aerial  form,  description,  occurrence,  etc 1 

almond,  transfer  to  the  apple,  experiment 4 

and  hairy-root,  affected  trees  to  be  destroyed I 

communicability  in  nursery  and  orchard 44-^7,1 

cure  and  prevention 5SJ 
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»ivn-gall  and  hairy-root,  development  by  years 83 

distribution,  summary 70 

earlier  accounts,  theory 44 

index  to  literature 93-96 

prevention  and  cure 58-70 

related  forms,  geographical  distribution 12, 70 

budding  as  a  preventive,  recommendation 73-74 

caused  by  Bacterium  tumefaciens 15 

cdmmunicability  in  root  grafts,  experiments 50 

decrease  in  nursery  after  first  year,  causes,  etc 54, 55 

development 16-30, 71 

distribution,  tjrpes,  etc 12, 70-73 

effect  on  apple  trees,  investigators  cited 30-32 

summary 72 

experiments,  results,  tables 81-92 

forms,  description,  occurrence,  etc 13-14, 15-16, 70 

hard,  description,  occurrence,  etc 13-14, 70 

produced  by  inoculation 44 

relation  to  soft  crown-gall 15-16 

hiBtorical  notes 11 

in  orchards,  treatment,  recommendations 69-70 

nursery  prevention,  recommendations 73-74 

occurrence,  summary 70-71 

peach,  inoculation  on  apple  stems,  experiment 44 

period  for  maximum  development  in  nursery 29-30 

prevention  and  cure 58-70 

publications  on  communicability 44-46 

related  forms,  distribution 12 

relation  of  wounds,  summary 72 

to  hairy-root 16 

'                 soft,  communicability  to  different  plants 45 

description,  occurrence,  etr 13,  70 

relation  to  hard  crown-gall 15-16 

f                 study,  methods  and  conditions  of  experimentation 77-80 

'                 susceptibility  of  apple,  varieties,  summary 72 

i                 variant  names 9 

\8ee  also  Hairy-root. 

bown-knot,  variant  name  for  crown-gall 9 

lure  and  prevention  of  disease 58-70 

l^ttingB,  apple,  diseased,  development  of  woolly-knot 15 

keep  planting.    See  Planting. 

leman,  H.  E.  Van,  observations  on  trees  affected  with  crown-gall 32 

dormant  trees.    See  Trees,  dormant. 

Iitfly  Harvest  apple.    See  Apple,  Early  Harvest. 

Mem  States.    See  States,  Eastern. 

kxcelsior  for  packing  apple-root  grafts,  treatment 67 

bperiments,  study  of  crown-gall  and  hairy-root,  methods  and  conditions 77-80 

results,  tables 81-92 

hmeuse  apple.    See  Apple,  Fameuse. 

Ikuiot,  F.  A .,  statement  regarding  trees  affected  with  crown -gal  1 36 

R&nce,  occurrence  of  wurzelkropf  on  apple  seedlings 12 

hank,  A.  B.,  statement  on  effect  of  wurzelkropf  on  apple  trees 30 

hmgi  in  packing  material  for  root  grafts,  destruction 67 
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Fusarium,  fungua  attacking  stored  gmfts 

Galls,  variant  name  for  crown-gall 

Oano  apple.    See  Apple,  Gano. 

Gannan,  H.,  observation  on  trees  affected  with  crown-gall SI 

statement  on  communicability  of  crown-gall 41 

cure  of  crown-gall fl 

G^many,  forms  of  crown-gall fl 

occurence  of  wurzelkropf B 

Grafting,  defective,  relation  to  disease,  experiments 5141 

knife,  &tctor  in  spread  of  crown-gall  and  hairy-ioot,  experiment 55^33 

methods  for  control  of  crown-gall  and  hairy-root 21->22, 69-65, 7S-3 

root,  defective,  relation  to  development  of  crown-gall  and  bairy- 

root 72-73,S 

top,  recommendations I 

Grafts,  root,  care  in  nursery  bins  to  prevent  crown-gall  and  hairy-root 9 

depth  of  planting,  effect  on  trees 21,8 

experiments  and  results  on  health  of  trees 80, 81, 82, 8S4i 

fitting,  factor  in  control  of  crown-gall  and  hairy-root 51-52,  GO,  72,fl 

inoculated  with  apple  crown-gall S 

methods  recommended  for  making,  storing,  and  planting tS 

packing  and  storing eS-fi 

planting,  time,  etc fi 

use  of  seedlings  from  old  nursery  districts,  experiments 27-S( 

wrapping,  factor  in  control  of  crown-gall  and  hairy-root 60-41 

Greenhouse,  experiments  in  study  of  crown-gall  and  hairy-root,  methodB  and 

conditions 77 

with  seedlings lS-11 

Grimes  apple.    See  Apple,  Grimes. 

Guilford,  W.  H.,  statement  on  communicability  of  crown-gall 4445 

Hairy-root  and  crown-gall,  index  to  literature AMI 

budding  as  a  preventive,  recommendation 73^74 

description,  occurrence,  etc 14-15, 70-71 

development,  summary 71 

distribution,  geographical 12, 70-73 

effect  on  apple  trees 32-33, 71 

elimination  by  selection H 

experiments,  results,  tables 81-fl 

formi?,  relation  to  each  other M 

historical  notes U 

in  orchards,  treatment,  recommendations 69-70 

increase  in  nursery  in  second  year H^ 

j  nursery  prevention,  recommendations 73-T4 

j  period  for  maximum  development  in  nursery 29-30 

point  of  origin  in  scion 4S 

prevention  and  cure SB-TO 

publications  on  communicability 46 

!  relation  of  root  formation,  studies 4M9 

!  relation  to  crown-gall W 

!  simple,  description,  occurrence,  etc 14, 70, 71 

I  study,  methods,  and  conditions  of  experimentation 77-W 

i  susceptibility  of  apple  varieties,  summary 72 

variant  names ^ 

See  also  Crown-gall. 
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.   H.f  Stewart,  F.  C,  and  Rolfs,  F.  M.,  statement  regarding  treatment  of 

trees 30, 32 

own-gall.    See  Crown-gall,  hard. 

,  confusion  with  crown-gall 37 

occurrence  of  crown-gall  on  Ribes 11 

Wurzelkropf  on  apple  seedlings 12 

,  W.  L.,  experiments  for  cure  of  crown-gall 68, 69 

to  test  contagious  nature  of  different  galls 45 

rcxluction  to  bulletin 9-10 

apple.    See  Apple,  Jonathan. 

,  grafting  and  pruning,  relation  to  crown-gall  and  hairy-root 55, 72 

ots,   root,  effect  on  fruit  trees,  statement  by  Wickson 30 

,  occurrence  in  Germany 11,12 

Blush  apple.    See  Apple,  Maiden  Blush. 

jrabskll  Brothers,  experiments  with  galled  trees,  Arlington,  Xebr 36 

apple.    See  Apple,  Martha, 
apple.    See  Apple,  Minkler. 
tesoixri  apple.    See  Apple,  Missouri. 

orris,  O.  M.,  observations  on  trees  affected  with  crown-gall 31 

for  ]>acking  root  grafts,  treatment 67 

Zealand,  occurrence  of  forms  of  hairy-root 12 

orlliiem  Spy  apple.    See  Apple,  Northern  Spy. 

'ortli^vestem  Greening  apple.    See  Apple,  Northwestern  Greening. 

Norton,  J.  B.  S.,  observations  on  trees  affected  with  crown-gall  and  hairy-root.        31 

statement  on  cooununicability  of  crown-gall 45 

cure  of  crown-gall 69 

YuTBeriee,  distribution  of  crown-gall  and  hairy-root 12 

•J^ursery ,  communicability  of  crown-gall  and  hairy-root 44-57 

disease  prevention,  recommendations 73-74 

experiments  in  development  of  crown-gall  and  hairy-root  on  budded 

and  root-grafted  trees 18-19 

independent  and  cooperative  plats,  locations,  etc 77-80 

with  seedlings  in  development  of  crown-gall  and  hairy- 
root 17-18 

increase  of  hairy-root  in  second  year 54-^ 

methods  of  inspection,  caution,  etc 74 

root  grafting  as  related  to  development  of  crown -gall  and 

hairy-root 21 

to  control  crown-gall  and  hairy-root  in  biusj 59 

relative  development  of  each  form  of  crown-gall  and  hairy-root. . .  19-20, 72 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washingtony  D.  C,  June  11, 1910, 

z  I  have  the  honor  to  transmit  herewith  a  paper  entitled  ''A 
3y  of  Cultivation  Methods  and  Crop  Rotations  for  the  Great 
\sis  Area,"  by  Prof.  E.  C.  Chilcott,  Agriculturist  in  Charge  of  Dry- 
id  Agriculture  Investigations,  assisted  by  the  members  of  his  field 
f .  These  men  have  not  only  attended  to  the  details  of  the  field 
•erixnents  and  prepared  the  notes  for  the  permanent  records,  but 
y  Yiave  also  assisted  in  the  preparation  of  these  data  for  publication. 
riie  paper  embodies  the  results  of  four  years*  experiments  in  crop 
alion  and  cultivation  methods  conducted  at  eleven  stations  in  the 
eat  Plains  area.  These  investigations  are  of  such  a  nature  as  to 
|\iire  a  long  term  of  years  before  final  conclusions  can  be  reached. 
is  believed,  however,  that  in  view  of  the  urgent  demand  for  infor- 
Bttion  concerning  these  problems  which  is  constantly  being  made 
K>n  this  Bureau,  these  results  and  tentative  conclusions  and  sugges- 
>ns  should  be  made  public  at  this  time. 

I  recommend  that  this  paper  be  published  as  Bulletin  No.  187  of  the 
>ecial  series  of  this  Bureau. 

Respectfully,  G.  H.  Powell, 

Acting  Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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^  STUDY  OF  CULTIVATION  METHODS  AND  CROP 
ROTATIONS  FOR  THE  GREAT  PLAINS  AREA. 


INTRODTJCTION. 

Thie  Office  of  Dry-Land  Agriculture  Investigations  of  the  Bureau 

>f  Plant  Industry  has  been  carrying  on  investigations  in  dry-land 

aigriculture  in  the  Great  Plains  area  since  the  spring  of  1906.     A 

Large  amount  of  data  has  accumulated.     Urgent  demands  are  being 

made  by  settlers,  actual  and  prospective,  for  information  concerning 

the  best  methods  of  farming  in  the  Great  Plains.    It  therefore  seems 

desirable  at  this  time  to  give  publicity  to  such  of  these  facts  and  figures 

as  liave  a  direct  bearing  upon  this  subject.     It  is  not  claimed  that 

sufficient  data  have  yet  been  accumulated  to  form  the  basis  for  final 

conclusions.     It  is  believed,  however,  that  these  results  are  of  suffir 

cient  importance  to  deserve  careful  consideration  and  that  they 

throw  some  strong  light  upon  the  much  controverted  questions  of 

summer  tillage,  continuous  cropping,  and  crop  rotation.     It  is  hoped 

that  the  tentative  conclusions  drawn  and  the  suggestions  made  may 

be  useful. 

QTTESTIONS  ASKED. 

These  investigations  were  undertaken  to  answer  the  following  main 
questions,  besides  many  subsidiary  ones :      . 

(1)  How  can  the  largest  average  yields  of  four  staple  crops — com,  sprinji:  wheat, 
oate,  and  barley — through  a  long  series  of  years  be  obtained:  (a)  By  raising  the  same 
crop  continuously  by  .ordinary  methods  of  culture  now  in  practice;  (6)  by  continuous 
cropping  with  the  same  crop,  using  the  most  approved  methods  of  cultivation  for 
moisture  conservation;  or  (c)  by  alternate  cropping  and  summer  tillage  by  the  most 
approved  methods? 

(2)  Do  moisture  conservation  methods  pay  where  continuous  cropping  to  the  same 
crop  IB  practiced? 

(3)  Do  alternate  cropping  and  summer  tillage  pay  where  the  same  crop  is  raised 
each  alternate  year? 

(4)  How  do  simple  3-year  crop  rotations  compare  with  continuous  cropping,  both 
with  and  without  conservation  methods,  and  with  alternate  cropping  and  summer 
tillage  in  the  profitable  production  of  crops? 

(5)  What  3-year  rotation  has  given  the  best  results? 

(6)  Which  gives  the  best  results,  fall  plowing  or  spring  plowing? 
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(7)  Should  corn  stubble  be  plowed  or  disked  without  plowing  as  a  pieparatioci 
spring  wheat? 

(8)  Can  summer  tillage  be  profitably  introduced  into  a  rotation  system? 

(9)  Can  any  system  of  crop  rotation  be  devised,  involving  the  use  of  peiennial 
grasses  or  legumes,  or  biennial  legumes,  which  will  be  adapted  to  conditioiis  in  the 
Great  Plains  area? 

(10)  Can  green  manuring  be  profitably  substituted  for  summer  tillage,  ther^y  con- 
serving both  the  moisture  and  the  organic  matter  of  the  soil? 

(11)  What  is  the  best  jnethod  of  introducing  winter  wheat  into  a  rotation? 

AK8WEBS  OBTAINED. 

The  following  tentative  answers  have  been  obtained  from  the 

investigations.     They  are  likely  to  be  modified  by  future  results. 

They  are,  however,  based  upon  the  best  evidence  obtainable  in  the 

present  state  of  our  knowledge : 

(1)  The  average  yields  in  bushels  per  acre  from  the  three  methods  of  tillage  hav« 
been  as  follows: 

Average  production  per  acre  of  wheat,  oats,  and  barley. 


Methods  of  tUlags. 


Continuous  cropping,  ordinary  methods 17.4  1012  3L1 

Continuous  cropping,  molstme  oooserTstlon l^i  M.fr  22.S 

Alternate  cropping  end  summer  Ullage 22.6  44.1  30.7 


WfaMU 

17.4 
16.5 
22.6 

Oats. 

».2 
M.fr 
44.1 

(See  Tables  I,  II,  and  III,  pp.  16  and  17.) 

(2)  The  average  results  of  moisture  conservation  methods  have  not  proved  pro6table 
as  compared  with  ordinary  methods  where  continuous  cropping  has  been  practiced. 
(See  paragraph  2  of  Conclusions,  p.  68.) 

(3)  The  average  results  of  alternate  cropping  and  summer  tillage  have  not  proved 
profitable,  as  compared  with  continuous  cropping  with  ordinary  methods.  (See 
paragraph  1  of  Conclusions,  p.  67.) 

(4)  Simple  3-year  rotations  of  com,  wheat,  and  oats,  or  com,  barley,  and  oats  havt 
proved  more  profitable  than  continuous  cropping  or  alternate  cropping  with  any  one 
of  these  four  crops.    (See  paragraph  3  of  Conclusioas,  p.  68.) 

(6)  Cora  on  either  fall  or  spring  plowing,  followed  by  either  wheat  or  barley  on  did^ed 
com  stubble,  followed  by  oats  on  early  hdl  plowing  has  given  best  average  resohB. 
(See  paragraph  4  of  Conclusions,  p.  68.) 

(6)  Fall  plowing  has  given  sli^tly  better  average  results  than  spring  plowhig. 
(See  paragraph  11  of  Conclusions,  p.  69.) 

(7)  Disking  com  stubble,  without  plowing,  has  given  better  results  than  ploving 
as  a  preparation  for  spring  wheat.    (See  paragraph  10  of  Conclusions,  p.  69.) 

(8)  Summer  tillage  has  not  given  as  good  average  results  when  used  in  a  rotation  as 
a  preparation  for  spring  wheat  or  oats  as  has  a  properly  cultivated  com  crop.  It  seems 
probable  that  it  will  be  found  advisable  to  occasionally  introduce  summer  tilla^ 
into  a  rotation  as  a  preparation  for  winter  wheat.  (See  paragraph  9  of  ConclnsiQDB, 
p.  68.) 

(9)  The  evidence  ao  far  obtained  kaj*  to  the  conclusion  that  a  5  or  6  3'6ar  rotatioQ 
of  com,  winter  or  q«ing  wheat,  ktotn^-gnm  (three  yean),  oata,  badey,  emnei,  or 

187 


ANSWEB8  OBTAINED.  9 

prhesk^  will  give  better  average  reeults  than  any  other  system  so  far  tried.  There  are, 
tio'wever,  undoubtedly  many  localities  where  the  growing  of  perennial  grasses  is  so 
iincertain  as  to  make  the  adoption  of  this  rotation  inadvisable.  It  is  possible  that  it 
maty  "be  found  practicable  to  substitute  alfalfa  for  brome-grass  in  some  localities. 
Some  other  perennial  grass  or  legume  may  be  found  that  will  prove  adapted  to  the 
conditions  in  some  parts  of  the  Great  Plains.  In  some  localities  it  may  be  found 
pratctdcable  to  shorten  the  rotation  to  four  years  and  substitute  red  clover  for  the 
broirte-^rass.    (See  paragraphs  14,  15,  and  16  of  Conclusions,  p.  70.) 

(lO)  Where  perennial  grass  or  legumes  can  not  be  successfully  grown,  it  will 
undoubtedly  be  found  profitable  to  resort  to  green  manuring.  Winter  rye  has  so  far 
g^f  ven  the  best  results.  Canada  field  peas  and  common  sweet  clover  ( MelUotu»  dlha) 
also  given  good  results,  but  the  fact  that  they  do  not  reach  a  sufficient  stage  of 
to  plow  under  before  the  end  of  the  June  rains  is  against  them.  On  the  other 
liajsid,  being  nitrogen  gatherers  they  will  undoubtedly  produce  a  higher  quality  of 
OT^gsknic  matter  in  the  soil  than  rye,  although  the  quantity  may  be  less.  (See  paragraph 
18  of  Conclusions,  p.  70.) 

(11)  Winter  wheat  should  be  grown  to  a  greater  or  less  extent  wherever  it  is  found 
possible  to  do  so,  as  it  possesses  some  great  advantages  over  spring  wheat.  It  can  be 
fitted  into  any  rotation  adapted  to  the  Great  Plains.  In  some  localities  it  may  prove 
profitable  to  summer  till  the  land  as  a  preparation  for  winter  wheat,  as  it  undoubtedly 
reeponds  to  this  preparation  to  a  much  greater  extent  than  do  spring-sown  grains. 
Green  manuring  may,  however,  be  used  instead  of  summer  tillage.  (See  paragraph 
lO  of  Conclusions,  p.  69.) 

As  will  be  seen  from  the  foregoing  answers^  our  investigations  lead 
strongly  to  the  conclusion  that  the  devising  of  systems  of  rotation 
adapted  to  local  conditions  is  of  greater  importance  than  tillage 
methods.     It  is  not  to  be  inferred,  however,  that  the  subject  of  proper 
tillage  can  be  safely  neglected.     Such  is  far  from  being  the  case. 
Tillage  methods  must  be  carefully  studied  and  intelligently  practiced. 
Hut  both  the  study  and  the  practice  must  be  carried  on  in  connec- 
tion with  crop  rotation  and  with  a  view  to  bringing  about  the  best 
possible  physical  and  biological  condition  of  the  soil.     In  order  to 
do  this  intelligently,  the  requirements  of  the  crops  to  be  grown,  the 
local  peculiarities  of  the  soil,  and  the  climate  must  be  the  main 
factors  considered.     No  hard  and  fast  rules  can  be  established.    Each 
fanner  must  study  his  soil,  his  climate,  and  his  crop  requirements, 
and  must  adopt  such  systems  of  tillage  as  experience  and  observation 
have  shown  to  bring  the  desired  results  under  the  peculiar  combina- 
tions of  conditions  which  prevail  at  the  time  and  place  and  are  most 
likely  to  exist  during  the  growing  period  of  the  crop.     Nor  should 
the  ultimate  eflFect  upon  the  soil  of  any  system  of  tillage  be  neglected. 
Favorable  physical,  chemical,  and  biological  conditions  of  the  soil 
should  at  least  be  maintained  and,  if  possible,  improved  from  year 
to  year. 

The  establishment  of  a  system  of  crop  rotations  presents  many 
difficulties,  particularly  in  a  new  country.  Among  these  difficulties 
18  the  need  of  immediate  cash  returns  from  the  crops  grown.  Wheat 
is  not  only  the  most  staple  cash  crop,  but  on  the  basis  of  the  prices 
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which  have  prevailed  for  the  last  ten  years  and  the  average  jrields 
obtained  in  the  Great  Plains  it  has  also  been  the  most  profit&bk 
when  immediate  cash  returns  alone  have  been  considered.  This  has 
been  a  strong  incentive  to  adopting  a  one-crop  system  of  wheat  grown 
continuously  on  the  same  land,  year  after  year,  with  sometimes  an 
occasional  summer  fallow  to  clean  the  land  of  weeds. 

It  must  be  admitted  that  this  system  has  often  brought  in  larger 
immediate  cash  returns  than  could  be  obtained  from  a  simple  diversi- 
fication of  crops.     Mere  diversification  without  any  systematic  roti- 
tion  often  means  simply  devoting  a  portion  of  the  farm  to  the  growing 
of  some  less  profitable  crop  in  the  place  of  wheat.     There  is  an  advan- 
tage in  growing  several  different  kinds  of  crops,  all  of  which  are  not  is 
Ukely  to  suffer  loss  from  either  poor  yields  or  low  prices  as  would  a 
single  crop  of  any  one  kind.     Such  a  system  can  not,  however,  be 
defended  unless  these  substituted  crops  can  be  fed   or  otherwiae 
disposed  of  in  such  a  way  as  to  bring  more  than  the  relative  market 
prices,  as  compared  with  wheat,  which  have  prevailed  in  the  GreAt 
Plains  for  the  last  ten  years.     But  our  investigations  have  sbo^ 
that  with  a  properly  planned  rotation  of  com,  wheat,  oats,  and  barley 
the  average  farm  value  per  acre  for  all  the  crops  will  be  greater  than 
that  obtained  from  growing  wheat  continuously.     Such  a  system 
must,  of  course,  involve  proper  methods  of  soil  preparation,  as  well 
as  rotation  of  crops.     If  in  addition  to  the  increased  }4elds  obtainable 
under  a  rotation  system  the  coarse  grains  can  be  fed  on  the  farm,  the 
net  profits  from  this  system  will  be  further  increased.     If  by  returning 
the  manure  produced  from  the  coarse  grain,  fodder,  and  hay  crops  to 
the  land  the  soil  can  be  maintained  in  better  chemical,  physical, 
and  biological  condition,  it  will  not  only  further  increase  the  yields 
in  favorable  years,  biit' will  also  decrease  the  danger  from  drought 
in  unfavorable  ones.     Nor  is  this  all  the  advantage  to  be  gained  from 
crop  rotation  and  its  concomitant  feature  of  stock  raising.    Under 
such  a  system  the  labor  of  the  farm  is  more  evenly  distributed  through- 
out the  year,  thus  requiring  less  expense  for  extra  laborers  at  harvest 
time  and  better  utilization  of  teams  and  tools.     And  last,  and  per- 
haps most  important  of  all,  is  the  fact  that  a  farm  operated  on  such 
a  system  affords  greater  incentives  and  opportunities  for  true  borne 
building.     It  is  believed  that  all  of  these  desirable  objects  can  be 
attained  by  adopting  systems  of  rotation  adapted  to  local  conditions,  i 
It  can,  therefore,  be  stated  w^ith  a  reasonable  degree  of  certainty  that 
crop  rotation  is  the  major  factor  in  the  great  problem  of  dry-lsnd  j 
agriculture  in  the  Great  Plains  area,  with  cultivation  methods  as  an 
important  minor  factor. 

These  investigations  have  been  carried  on  at  Judith  Basin,  Mont.; 
Dickinson  and  Edgeley,  N.  Dak. ;  Highmore  and  Bellefourche,  & 
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'ale.;  North  Platte,  Nebr.;  Akron,  Colo.;  Hays  and  Garden  City, 
lajis. ;  Amarillo  and  Dalhart,  Tex.  The  locations  of  these  stations 
ro  shown  on  the  accompanying  map,  figure  1.  Results  have  been 
btA.ined  for  three  years  from  Edgeley  and  North  Platte;  for  two 
from  Amarillo,  Highmore,  and  Dickinson;  and  for  one  year 
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each  from  the  remaining  stations.  They  show,  therefore,  the  results 
of  eighteen  comparative  tosts,  involving  more  than  a  thousand  plats 
located  at  eleven  stations  widely  distributed  throughout  the  Great 
Plains  area,  and  should  be  fairly  representative  of  the  area. 
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The  view  of  field  plats  at  the  substation  at  Edgeley,  N.  Dak.  (s 
frontispiece),  where  these  investigations  are  carried  on  in  cooperaticRi| 
with  the  North  Dakota  Agricultural  Experiment  Station,  is  typical  oil 
all  the  field  stations.  From  120  to  150  one-tenth  acre  plats  are 
at  each  station.  These  plats  are  accurately  and  permanently  laid 
and  marked  and  great  care  is  exercised  to  obtain  exact  yields,  com-*| 
parable  to  common  field  conditions. 

It  would  be  practically  impossible  to  carry  on  these  investigati< 
without  the  hearty  cooperation  of  the  state  experiment  stations  of 
Montana,  North  Dakota,  Nebraska,  and  Kansas. 

The  Physical  Laboratory  and  the  Offices  of  Western  Agricultural 
Extension,  Alkali  and  Drought  Resistant  Plant-Breeding  Investiga- 
tions, Grain  Investigations,  Forage-Crop  Investigations,  and  SdOr 
Bacteriology  Investigations,  all  of  the  Bureau  of  Plant  Industry,  have 
cooperated  and  rendered  valuable  assistance  along  their  respective 
lines.  None  of  the  results  of  their  investigations  have,  however,  beai 
incorporated  in  this  publication.  The  interrelation  of  these  several 
lines  of  investigations  with  those  of  dry-land  agriculture  will  be 
discussed  in  future  publications. 

THE  SXJFFIOIBKCY  OF  THE  DATA  SUBMITTED. 

As  the  general  plans  of  the  investigations  in  dry-land  agriculture, 
of  which  those  herein  described  are  a  part,  have  been  fully  set  forth 
in  a  previous  publication,^  no  detailed  description  will  here  be 
attempted.  Suffice  it  to  say  that  a  member  of  the  scientific  staff  of 
this  office  is  in  constant  attendance  at  each  of  the  several  stations 
mentioned  during  the  entire  growing  and  harvesting  season.  He 
attends  personally  to  all  the  field  operations,  the  measuring  and 
weighing  of  products,  etc.,  and  keeps  accurate  notes  of  the  work.* 
The  work  is  in  close  cooperation  with  the  Physical  Laboratory  of  this 

«  Yearbook  of  the  Department  of  Agriculture  for  1907,  pp.  451-468. 

&  The  field  work  at  the  several  Btations  is  under  the  immediate  supervision,  respec- 
tively, of  the  following-named  members  of  the  scientific  staff  of  this  office: 

John  S.  Cole,  Traveling  Field  Assistant. 

J.  E.  Payne,  Superintendent  Akron,  Colo.,  station. 

F.  L.  Kennard,  Superintendent  Dalhart,  Tex.,  station. 

J.  M.  Stephens,  Superintendent  Judith  Basin,  Mont.,  station. 

0.  J.  Grace,  Acting  Superintendent  Dickinson,  N.  Dak.,  station. 

W.  W.  Burr,  detailed  to  North  Platte,  Nebr.,  station. 

E.  F.  Chilcott,  detailed  to  Amarillo,  Tex.,  station. 

A.  L.  Hallsted,  detailed  to  Hays,  Kans.,  station. 

H.  R.  Reed,  detailed  to  Garden  City,  Kans.,  station. 

O.  R.  Mathews,  detailed  from  the  Office  of  Western  Agricultural  Extension,  Burean 
of  Plant  Industry,  to  Belief ourche,  S.  Dak.,  station. 

C.  H.  Plath,  detailed  to  Edgeley,  N.  Dak.,  station. 

J.  C.  Thysell,  detailed  to  Dickinson,  N.  Dak.,  station. 

W.  O.  Whitcomb,  detailed  from  the  Office  of  Western  Agricultural  Extension,  Bu- 
reau of  Plant  Industry,  to  Williston,  N.  Dak.,  station. 
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lureau,  which  keeps  a  record  of  the  physical  and  meteorological 
onditions  at  each  station.  Several  other  oflBices  of  this  Bureau  are 
Iso  in  cooperation  at  most  of  the  stations.  The  Agriculturist  in 
ihai^e  of  Dry-Land  Agriculture  Investigations  and  his  traveling  field 
ssistant  make  frequent  visits  to  the  field  stations  during  the  growing 
eason  for  the  purpose  of  inspecting  the  work.  Other  cooperating 
leads  of  offices  also  visit  these  stations  at  frequent  intervals. 

The  work  of  seven  of  the  eleven  stations  herein  mentioned  was  con- 
lucted  in  close  cooperation  with  the  state  experiment  stations  of  Hon- 
ana,  North  and  South  Dakota,  Nebraska,  and  Kansas,  respectively, 
Lod  representatives  of  these  stations  are  constantly  in  close  touch  with 
he  field  work  at  their  respective  locaUties.  Very  full  permanent 
-ecords  of  all  the  work  are  kept,  both  at  the  field  stations  and  at  the 
central  office  at  Washington,  D.  C.  Both  these  records  and  the  field 
irork  itself  are  open  to  the  inspection  of  the  public  at  all  times,  and  such 
nspection  is  invited.  The  experiment  stations  mentioned  use  these 
records  in  the  preparation  of  publications  of  their  respective  stations. 
i/iTith  so  many  trained  investigators  actively  interested  in  the  elimina- 
tion of  all  sources  of  error  or  inaccuracy,  it  seems  reasonable  to  claim 
that  the  data  herein  presented  are  trustworthy  and  that,  covering  as 
Ihey  do  so  extensive  an  area,  they  constitute  as  reliable  a  basis  for 
safe  conclusion  concerning  the  methods  of  dry-land  agriculture  in  the 
Great  Plains  area  as  can  now  be  found.  It  is  only  by  a  further 
extension  of  these  investigations  that  a  more  reliable  basis  can  be 
established. 

All  of  the  eleven  stations  from  which  the  data  are  collected  are 
located  within  what  is  generally  known  as  the  semiarid  area.  The 
meteorological  records  and  the  crop  yields  under  ordinary  methods 
indicate,  however,  that  in  thirteen  seasons  out  of  eighteen  the  weather 
conditions  were  sufficiently  favorable  to  give  some  basis  for  the 
suspicion  that  these  thirteen  experiments  were  conducted  under 
humid  rather  than  semiarid  conditions  and  that  they  could  not 
therefore  be  used  as  a  safe  basis  for  conclusions  relative  to  semiarid 
conditions.  When,  however,  we  consider  that  the  average  increase  in 
yields  from  summer  tillage  as  compared  with  ordinary  methods  during 
these  thirteen  seasons  is  practically  identical  for  oats  and  barley  and 
differs  by  only  2.2  bushels  for  wheat  from  those  of  the  remaining  five 
seasons  when  the  drought  was  severe,  the  force  of  this  argument  is 
considerably  weakened.  If  we  also  consider  that  the  only  instance 
where  summer  tillage  increased  the  yield  sufficiently  to  make  the 
practice  profitable  was  at  North  Platte  in  1908,  where  conditions 
were  very  favorable  for  crop  production  under  ordinary  methods,  the 
argument  against  the  applicability  of  these  results  to  semiarid  con- 
ditions ceases  to  have  any  weight." 

«  See  Table  XXXI  for  precipitation  record. 
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CONTINnOTTS  CBOPPING  COMPABED  WITH  AliTEBNATB  G&OPFOG 

AND  StJMMEB  TILLAGE. 

GENERAL   STATEMENT. 

Before  entering  into  a  discussion  of  the  subject  of  continuous 
cropping  compared  with  alternate  cropping  and  summer  tillage^  it 
will  be  well  to  clearly  set  forth  some  important  considerations  thit 
must  be  constantly  borne  in  mind.     They  are  as  follows: 

(1)  The  discussion  applies,  to  the  Great  Plains  area  only  and  can 
have  no  possible  bearing  upon  practices  in  regions  west  of  the  Rocky 
Mountains,  where  soil  and  climatic  conditions  are  radically  different 

(2)  These  experiments  were  made  with  spring-sown  grains  only  and 
have  no  bearing  whatever  upon  the  methods  appUcable  to  fall-so^ 
grains. 

(3)  The  object  of  the  work  described  under  this  heading  is  to  test 
the  relative  merits  of  three  systems  of  one-crop  farming,  namely.  (1) 
ordinary  methods;  (2)  moisture-conservation  methods  of  contin- 
uous cropping;  and  (3)  summer-tillage  methods  of  alternate  or  bi- 
ennial cropping.  This  part  of  the  work  has  nothing  whatever  to  do 
with  crop  rotation,  except  possibly  to  show  that  no  system  of  one- 
crop  farming  has  yet  been  devised  that  can  serve  as  a  safe  basis  for  a 
permanent  agriculture  in  the  Great  Plains  area.  A  discussion  d 
crop  rotation  is  given  under  another  heading  (p.  20). 

The  general  plan  of  that  portion  of  the  investigations  herein 
described  is  identical  for  all  of  the  eleven  stations  and  is  as  shown 
in  the  accompanying  outline  and  the  explanatory  notes  following: 

OvMine  of  pUm  for  experiirunU  with  three  staple  cereal  crops  with  onRnary  me&o^  4 
culture  and  with  moislure-conservation  methods^  each  crop  being  grown  on  the  *8* 
plat  for  several  years  either  continuously  or  alternating  with  summer  fallow, 

EXPERIMENTS   WITH   WHEAT. 

Plat  A.  Wheat  grown  year  after  year  on  spring-plowed  land  by  ordinary  methods  o< 

culture. 
Plat  B.  Wheat  grown  year  after  year  on  fall-plowed  land  by  moisture-conser^itkt 

methods  of  culture. 
Plat  C.  Wlieat  alternating  with  summer  tillage. 
Plat  D.  Summer  tillage  alternating  with  wheat. 

EXPERIMENTS  WITR  OATS. 

Plat  A.  Oats  grown  year  after  year  on  spring-plowed  land  by  ordinary  methods  ol 

culture. 
Plat  B.  Oats  grown  year  after  year  on  fall-plowed  land  by  moisture-consenati* 

methods  of  culture. 
Plat  C.  Oats  alternating  with  summer  tillage. 
Plat  D.  Summer  tillage  alternating  with  oats. 
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EXPERIMENTS    WITH   BARLEY. 

.t  A.  Barley  grown  year  after  year  on  spring-plowed  land  by  ordinary  methods  of 

culture. 
X  B.  Barley  grown  year  after  year  on  fall-plowed  ground  by  moisture-conservation 

methods  of  culture. 
it  C.  Barley  alternating  with  summer  tillage, 
kt  D.  Summer  tillage  alternating  with  barley. 

By  "ordinary  methods"  is  meant  plowing  to  a  depth  of  about  3 
;hes  in  the  spring  just  before  seeding,  harrowing  once,  and  seeding 
th  a  drill;  no  harrowing  after  seeding;  no  treatment  of  stubble 
id  after  harvest  except  to  cut  weeds  to  keep  them  from  seeding. 
By  "conservation  methods"  is  meant  plowing  to  a  depth  of  8 
ches  immediately  after  harvest,  thoroughly  harrowing  immediately 
ber  plowing,  keeping  the  soil  in  the  best  of  tilth  and  free  from  weeds 

surface  crust  by  frequent  harrowings  or  diskings  until  seeding  in 
e  spring,  thorough  harrowing  at  time  of  seeding,  and  light  harrow- 
gs  at  intervals  to  break  crust  and  destroy  weeds  until  the  grain 
aches  a  height  of  about  6  inches.  Under  certain  conditions,  thor- 
igh  disking  immediately  after  harvest  and  deferring  the  plowing 
itil  the  soil  is  in  proper  condition  has  been  found  to  accomplish 
le  desired  results  more  effectually  than  immediate  plowing,  and  in 
»nie  cases  this  practice  has  been  followed. 

By  "alternate  summer  tillage"  is  meant  treating  the  soil  after 
urvest  as  described  under  '* conservation  methods"  until  the  fol- 
•wing  spring.  Instead  of  then  seeding  it  to  crop,  it  is  left  bare  or 
Jlow  and  is  kept  harrowed,  disked,  and  free  from  weeds  or  surface 
rust  until  midsummer.  It  is  then  plowed  again  and  treated  the 
ime  as  Group  B  thereafter,  being  seeded  in  like  manner  the  following 
pring,  Group  D  being  summer  tilled  and  Group  C  being  cropped 
ae  year  and  Group  C  being  summer  tilled  and  Group  D  being  cropped 
tie  next,  and  so  on  indefinitely,  alternately  cropping  and  summer 
illing. 

The  same  variety  and  quantity  of  seed  and  the  same  drill  are  used 
pon  all  the  plats  of  the  same  series  for  all  groups  at  each  station, 
t  was  found  impracticable  to  use  the  same  variety  of  each  of  the 
rains  at  all  of  the  stations,  as  it  has  not  been  found  possible  to 
*btain  any  one  variety  of  any  of  these  grains  adapted  to  so  wide  a 
ange  of  soil  and  climatic  conditions  as  is  found  between  Montana 
>n  the  north  and  Texas  on  the  south.  The  rule  has,  therefore,  been 
o  select  the  variety  of  each  of  the  grains  best  adapted  to  the  locality. 
i)urum  spring  wheat  has  been  used  at  all  stations. 

It  was  not  practicable  to  use  the  same  make  of  dnll  at  all  stations, 
uid  there  were  other  slight  adaptations  to  local  conditions,  but  the 
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methods  of  seeding  were  essentially  the  same  for  the  ra^Mctm 
groups  for  all  stations.  The  comparisons  haying  been  made  betred 
groups  at  each  station  instead  of  between  stations,  the  slight  difltf 
ences  mentioned  could  in  no  possible  way  affect  the  conclusions. 

The  accompanying  tables  give  the  yields  in  bushels  per  acre  h 
each  one  of  the  216  plate.  They  also  give  differences  in  bushels  pe 
acre  between  the  "A,"  or  continuously  cropped  ordinaiy-metho 
plats,  and  "B,"  or  continuously  cropped  raoisture-conservation  pliti 
and  the  "C"  or  "D,"  alternately  summer-tilled  plats,  respeetim^ 
The  "A,"  or  continuously  cropped  ordinary-method  yields,  arena 
as  a  basis  for  all  comparison.  The  three  tables  represent,  respectivell 
the  three  series — wheat,  oats,  and  barley.  The  averages  at  the  foi 
of  each  table  are  the  average  yields  per  acre  in  bushels  and  the  m 
^e  difference  in  bushels  per  acre  between  the  groups  for  each  serie 
respectively,  for  all  of  the  18  tests. 


Tablb  1  .^Compariton  o/ywldt  I 


t  of  wheat  xrUt,  by  grmipi. 


y«r. 

Continuous  cropping. 

BWlkin. 

ordlDuy 
nwthods. 

QroupB, 

Alturnmts 

Judith  Bada.  Uont 

1^ 

Bukc'i. 
M.0 

BtMCt. 
S3  1 

BtAdM. 

coDservaUoD 


OnupCa 
compMii 
wtlliOm* 
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Table  II. — Comparison  of  yields  to  the  acre  of  oats  series^  by  groups. 


StetioiL 


Mont. 


L  .tsasm,  Moni 
!iaoo,  N.  Dak 


By,  N.  Dak 

D 

Q 

aore,  8.  Dak... 

o_- 

i>urclie»  S.  Dak. 
I  Pl&tt«,  Nebr.. 

o 

o 

I,  Colo 


Continuous  cropping. 


Year. 


so  City,  Kans. 

fcrt,  Tex 

Mlo,  Tex 

to 


Average. 


1908 
1909 
1907 
1908 
1909 
1907 
1908 
1909 
1907 
1908 
1909 
1909 
1908 
1909 
1909 
1908 
1900 


Group  A, 
ordinary 
methods. 


Bn»keU. 

75.3 

48.4 

55.9 

21.3 

16.9 

67.6 

46.3 

34.4 

48.8 

30.0 

34.4 

31.3 

21.1 

1.3 

1.0 

.0 

20.0 

.0 


Group  B, 
conserva- 
tion 
methods. 


30.  IG 


B%i»heU. 
66.2 
32.8 
68.4 
21.4 
16.3 
46.8 
47.2 
32.2 
46.9 
36.0 
68. 
24. 
14. 

3. 

3.2 

.0 

32.2 

.0 


6 
1 
1 

.7 


Alternate 
cropping, 
Group  C 
or  D,  sum- 
mer tillage. 


30.6 


BwheU. 
78.7 
61.9 
66.6 
36.7 


56.6 
69.4 
48.4 
76.7 
30.0 
82.3 
46.3 
27.7 
3.5 
7.9 
13.4 
31.6 
23.1 


44.11 


Gain  ( -»- )  or 
loss  (  — )  by 
conservation 

over  ordi- 
nary meth- 
ods, Group  B 

compared 
withGroupA. 


BwheU. 

-  9.1 
-16.6 
+  2.6 
+     .1 

-  1.6 
-10.7 
-I-  1.9 

-  2.2 

-  1.9 
-»-  6.0 
-1-34.1 

-  7.2 

-  7.0 
2.4 
2.2 

.0 

-1-12.2 

.0 


+ 
+ 


Gain  (-H)  or 
loss  ( — )  by 
summer  til- 
lage over 
ordinary 
methods, 
Group  C  or  D 

compared 
WithGroupA. 


-H  0.34 


Bushels. 
-I-  3.4 
-1-13.5 
4-10.7 

-H16.4 


-  1.9 
-H4.1 
-H14.0 
-1-27.9 
.0 
-1-47.9 
-1-15.0 
-I-  6.6 
-H  2.2 
+  6.9 
+13.4 
-I-11.6 
-f-23.1 


-f-13.18 


Table  III. — Comparison  of  yields  to  the  acre  of  barley  series  j  by  groups. 


Station. 


Year. 


Continuous  cropping. 


Group  A, 
ordinary 
methods. 


ith  Basin,  ICont. 
Unaon,  N.  Dak.. 

Do.... 

Btey,  N.  Dak 

Do 

Do 

hmore,  S.  Dak... 

Do 

elbaicbe,  8.  Dak. 
th  Platte,  Nebr.. 

Do 

on, Colo 

fs,  Kans 

den  City,  Kans. . 

hart,  Tex 

arillo,  Tex 

Do 


ATenge. 


1909 
1908 
1909 
1907 
1908 
1909 
1907 
1908 
1909 
1907 
1908 
1909 
1906 
1909 
1909 
1906 
1909 


Bushels. 

46.2 

33.5 

39.8 

10.2 

25.0 

27.0 

30.2 

29.8 

23.8 

39.0 

19.6 

19.7 

5.8 

2.4 

.0 

7.9 

.0 

21.11 


Group  B, 
conserva- 
tion 
methods. 


BusheU. 
43.3 
23.9 
39.0 

9.4 
24.2 
24.7 
37.1 
26.0 
25.0 
40.0 
43.3 
16.8 
12.4 

4.8 

.0 

13.2 

5.8 

22.88 


Alternate 

cropping, 

Group  C 

or  D,  sum- 


Gain  (-I-)  or 
loss  (— )  by 
conservation 
over  ordi- 
nary meth- 


mertiUa^^i^^'Q">"PB 
mer  image,     eompared 

with  Group  A 


4 

,0 

.0 

.0 

2 

3 

2 


,0 
.7 


Bushels. 


49. 
30. 
50. 
16. 
24. 
28. 
40. 
46.7 
37.3 
39. 
67. 
24.6 
18.9 
10.0 
7.5 
15.2 
17.6 

30.74 


Bushels. 

-  1.9 

-  9.6 

-  .8 

-  .8 

-  .8 

-  2.3 
6.9 
3.8 
1.2 
1.0 

+23.7 

-  2.9 
6.6 
2.4 

.0 
5.3 
5.8 


+ 

+ 
+ 


+ 
+ 


+ 
+ 


+  1.76 


Galn(+)or 
Ioss(— )by 
summer  til- 
lage over 
ordinary 
methods, 
Group  C  or  D 

compared 
WithGroupA. 


Bushels. 
+  4.2 

-  3.5 
+  ia2 
+  5.8 

-  .8 
+  1.3 

+iao 
+ia9 

+  13.5 
.0 
+48.1 
+  4.9 
+  13.1 
+  7.6 
+  7.6 
+  7.3 
+17.5 

+  9.62 
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The  most  significant  facts  brought  out  by  an  inspection  of 
figures  presented  in  Tables  I,  II,  and  III  are  as  follows: 

(1 )  The  yields  in  thirteen  out  of  the  eighteen  seasons  cited  are  a 
the  normal  for  even  the  humid  portions  of  the  States  where 
stations  are  located,  in  some  cases  being  more  than  double 
normal. 

(2)  There  are  surprisingly  small  differences  between  the  yklj 
obtained  from  the  three  different  methods  used,  these  differemi 
being  in  many  instances  in  the  opposite  direction  from  what  md 
be  reasonably  expected  from  the  popular  belief  in  the  eflBcacj  j 
the  methods  followed.  i 

(3)  There  is  but  a  single  instance  where  summer  tillage  and  altij 
nate  cropping  increased  the  yields  above  the  ordinary  methods  si 
ficiently  to  pay  fully  for  the  extra  labor  and  expense  involved.  T^j 
was  at  North  Platte  in  1908.  The  average  results  of  the  three  veil 
tests  at  this  station  do  not,  however,  show  profitable  returns  for  sol 
mer  tillage  as  compared  with  continuous  cropping.  The  aven^ 
results  of  crop  rotation  have  been  more  profitable  than  either  c<H 
tinuous  cropping  or  alternate  cropping  and  summer  tillage.  (Si 
Tables  XXII  and  XXIII.) 

(4)  In  all  five  instances  (Edgeley,  1907;  Hays,  1908;  Garden  Ci 
1909;  Dalhart,  1909;  and  AmariUo,  1909),  where  severe  dro 
were  experienced,  the  yields  for  the  summer-tilled  plats  as  com 
with  the  ordinary-method  plats  were  much  greater,  the  ratios  h^ 
as  follows:  Edgeley — wheat  2.4  times,  oats  1.7  times,  bariey  1| 
times;  Hays — wheat  3.5  times,  oats  2.7  times,  barley  3.3  iiM 
Garden  City — wheat  3.2  times,  oats  4.1  times,  barley  7.9  timcj 
At  both  Dalhart  and  AmariUo,  in  1909,  the  ordinary-method  pla^ 
were  complete  failures  from  drought,  while  the  yields  on  the  summtf 
tilled  plats  were  as  follows:  Dalhart — wheat  10.5  bushels,  oats  1 
bushels,  barley  7.5  bushels  per  acre;  Amarillo — ^wheat  10.5  bus 
oats  23.1  bushels,  barley  17.5  bushels  per  acre.  None  of  these  yi 
obtained  during  these  dry  years  were  sufficient  to  make  the  C30| 
profitable. 

After  a  careful  consideration  of  all  the  data  submitted  and  all  t| 
arguments  for  and  against  the  sufficiency  of  these  data  as  a 
basis  for  conclusions,  the  following  tentative  conclusions  are 
mitted: 

CONCLUSIONS    CONCERNING    SUMMER   TILLAGE    AKD    CONTINUOr? 

CROPPING. 

(1)  The  practice  of  summer  tillage  and  alternate  cropping  ci 
not  be  considered  a  safe  basis  for  a  permanent  agriculture  in  tk 
Great  Plains  area,  where  spring-sown  wheat,  oats,  or  barley  are  th 
staple  crops. 
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y  Summer  tillage  will  almost  invariably  increase  the  yield  of 
m-t>,  oats,  or  barley  and  will  materially  reduce  the  danger  of  com- 
s  crop  failure  due  to  drought.  It  may  therefore  be  resorted  to 
^^feguard  or  temporary  expedient  to  meet  a  possible  emergency, 
it,  can  not  be  depended  upon  to  produce  as  profitable  spring- 
-x  crops  as  may  be  produced  by  other  methods.  Very  good  crops 
-usually  be  raised  by  one  plowing  and  one  or  two  harrowings,  as 
i.own  by  yields  obtained  from  continuous  cropping  by  ordinary 
tiods.  Alternate  cropping  and  summer  tillage  by  methods  used 
:iese  tests  require  on  an  average  two  plowings,  four  diskings,  and 
harrowings.  Each  farmer  must  decide  for  himself  whether 
afford  to  perform  this  additional  amount  of  labor  in  order  to 
.T-e  an  increase  in  yield,  which  if  the  season  proves  favorable  may 
xnall,  and  to  materially  reduce  the  danger  of  total  failure  if  the 
on  proves  unfavorable.  He  should,  however,  remember  that 
Liner  tillage  will  in  no  way  reduce  the  many  dangers  other  than 
aght,  such  as  unseasonable  frosts  and  high  winds,  to  which  crops 
subject.  In  fact,  these  dangers  may  be  materially  increased 
er  a  system  of  summer  tillage. 

b  frequently  happens  that  specially  favorable  soil  conditions 
y  in  the  spring  induce  such  a  rank  growth  of  the  young  grain 
its  that  the  injury  from  both  late  spring  frosts  and  summer 
ught  is  greatly  increased.  These  factors  were  of  such  importance 
>o  completely  reverse  the  results  at  North  Platte,  Nebr.,  in  1909. 
5  moisture-conservation  plats  of  wheat  on  both  continuous  crop- 
g  and  alternate  cropping  gave  lower  yields  than  the  ordinary- 
bbod  plats,  the  loss  due  to  good  tillage  being  7.7  bushels  per  acre 
continuous  cropping  and  5  bushels  per  acre  for  alternate  cropping, 
--eral  other  instances  of  the  same  nature  are  shown  in  Tables  I,  II, 
I  III.  This  loss  on  well-tilled  plats  may  in  some  instances  be  due 
proximate  causes  other  than  frost  or  drought.  It  seems  reason- 
y  certain,  however,  that  the  ultimate  cause  is  usually  over- 
nulation  of  the  crop  at  some  stage  in  its  growth.  It  is  a  well- 
ognized  fact  among  farmers  that  grain  usually  suffers  more 
'erely  from  rust  when  the  growth  is  very  rank  and  succulent  than 
en  it  is  less  vigorous.  A  well-tilled  soil  may  sometimes  blow 
rse  than  a  poorly  tilled  one. 

[3)  The  result  of  the  experiments  with  moisture-conservation 
^thods  upon  continuously  cropped  plats  are  so  contradictory  that 
definite  conclusions  can  be  arrived  at.  This  is  true  not  only 
lere  different  stations  are  compared,  but  where  the  same  station 
r  different  years,  or  the  same  stations  for  the  same  years  with 
lerent  crops,  are  compared.  All  the  evidence,  however,  goes  to 
ow  that  the  time  and  depth  of  plowing  and  seeding  and  the  har- 
wing  of  the  grain  after  seeding  are  problems  that  are  local  in  their 
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nature.  The  solutions  of  these  problems  are  also  so  dependent 
seasonal  conditions  of  soil  and  climate  that  no  safe  genei 
concerning  them  can  be  made.  Each  farmer  must  tiierefore 
out  the  best  practice  for  his  particular  farm,  crop,  and  seaaoo. 
is  believed,  however,  that  our  investigations^  show  that  fairij 
plowing — about  8  inches — and  thorough  preparation  of  tiie  seed 
will  give  better  results  than  shallower  plowing  on  most  soils,  whei 
spring  or  fall  plowing  is  practiced.  The  deeper  the  plowing.  iM 
more  thorough  should  be  the  harrowing  in  order  to  form  a  ciuqM| 
seed  bed.  i 

OBOP  BOTATIOK  COMPARED  WITH  CONTINT70T7S  GBOPFOra 
OUTLINE   OF   THE   THREE-TEAK   ROTATIONS. 

At  the  same  eleven  stations  described  in  the  previous  pages,! 
series  of  nine  S-year  rotations  were  established  at  the  same  time  thd 
the  continuous  cropping  experiments  were  begun.  The  plan  of  tklj 
rotations  is  descril>ed  in  the  accompanying  outhne  and  in  the  ejqM 
atory  notes  following.  These  rotations  are  identical  for  all  <rf  A 
eleven  stations. 

Outline  ofS-year  rotations. 

Rotation  No.  1. 

Plat  A.  Spring  wheat  on  com  ground  disked  but  not  plowed. 
Plat  B.  Oats  on  ground  plowed  early  the  preceding  fall. 
Plat  C.  Com  on  ground  plowed  early  the  preceding  bill. 

Rotation  No.  2. 

Plat  A.  Spring  wheat  on  spring-plowed  ground. 
Plat  B.  Oats  on  spring-plowed  ground. 
Plat  0.  Com  on  spring-plowed  ground. 

Rotation  No.  3. 

Plat  A.  Spring  wheat  on  ground  plowed  early  the  preceding  &kU. 
Plat  B.  Oats  on  ground  plowed  early  the  preceding  fall. 
Plat  C.  Com  on  ground  plowed  early  the  preceding  fall. 

Rotation  No.  4. 

Plat  A.  Oats  on  corn  ground  not  plowed  but  disked. 
Plat  B.  Spring  wheat  on  fall-plowed  ground. 
Plate.  Com  on  fall-plowed  ground. 

Rotation  No.  5. 

Plat  A.  Spring  wheat  on  summer-tilled  land. 

Plat  B.  Oats  on  ground  plowed  early  the  preceding  fall. 

Plat  C.  Summer  tilled. 

Rotation  No.  6. 

Plat  A.  Barley  on  corn  ground  not  plowed  but  disked. 
Plat  B.  Oats  on  ground  plowed  early  the  preceding  fall. 
Plat  C.   Corn  on  ground  plowed  early  the  preceding  fall. 

<»  See  the  discussion  of  crop  rotation  which  follows. 
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Rotation  No.  7. 

OatB  on  spring-plowed  ground. 
!Barley  on  spring-plowed  ground. 
Com  on  spring-plowed  ground. 

Rotation  No.  8. 

Oats  on  summer-tilled  land. 
.    Spring  wheat  on  ground  plowed  early  the  preceding  fall. 
;  O.    Summer  tilled. 

Rotation  No.  9. 

t  A.  .  Oats  on  spring-plowed  ground. 

L  !B .  Spring  wheat  on  spring-plowed  ground. 

t.  O .   Com  on  spring-plowed  ground. 

riiie  nine  3-year  rotations  are  so  planned  as  to  give  an  oppor- 
dil^y  to  compare  the  several  rotations  considered  as  units  and  also 
oompare  the  several  crops  grown  in  different  rotations  under 
st^ems  of  soil  preparation  and  following  different  crops.  As  each 
t»Cktion  is  represented  by  three  plats,  each  of  the  crops  entering  into 
G  rotation  is  represented  every  year.  This  is  a  very  important 
fittrure  and  one  that  has  been  neglected  in  most  of  the  rotation 
Lp^eriments  heretofore  made.  By  this  system  the  differences  in 
ield  produced  by  the  seasonal  pecuHarities  are  eliminated  and  it 
iSLy  safely  be  assumed  that  any  difference  in  yield  that  occurs  in 
ay  two  crops  of  the  same  kind  grown  the  same  year  in  two  rotations 
;  due  either  to  the  method  of  soil  preparation  or  to  crop  sequence. 
VTiich  of  these  two  factors  is  the  controlling  one  may  usually  be 
determined  by  an  easy  method  of  cross-checking  with  the  same 
rop  in  other  rotations,  whereby  one  or  both  factors  may  be  elimi- 
nated. 

As  an  example  of  some  of  the  comparisons  that  may  be  made  and 
>lie  conclusions  drawn,  the  following  are  suggested : 

Rotations  Nos.  1,  2,  and  3  are  identical  so  far  as  crops  and  sequence 
aje  concerned,  but  each  differs  from  the  other  in  soil  preparation  for  the 
vv^heat  crop.     Any  difference  in  the  wheat  yields  in  rotations  Nos.  1 
and  3  may  safely  be  attributed  to  the  effects  of  stubbling  in  No.  1 
instead  of  fall  plowing  the  com  ground  as  in  No.  3,  this  being  the  only 
-variable  factor.     The  two  rotations  thus  as  units  may  be  safely  com- 
pared to  determine  the  effect  of  stubbling  upon  the  wheat  crop  and 
also  upon  the  two  crops  which  follow,  namely,  oats  and  com.     The  oat 
crops  in  these  rotations  may  be  safely  compared  to  see  whether  the 
effect  of  the  soil  preparation  for  the  com  crop  is  apparent  in  the  sub- 
sequent crop  of  oats.     The  com  crop  in  these  two  rotations  being  so 
far  removed  from  the  only  variable  factor  should  be  about  equal,  and 
any  difference  will  have  to  be  accounted  for  in  a  way  not  apparent, 
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except  that  in  No.  2  spring  plowing  has  been  practiced,  while  Xo^  1 
and  3  are  fall  plowed. 

Rotations  Nos.  2  and  3  are  identical,  except  that  spring  plowing  k 
practiced  in  No.  2,  while  No.  3  is  fall  plowed.  This  will  give  an  oppcl^ 
tunity  to  compare  spring  with  fall  plowing  both  upon  the  rotalicm 
as  units  and  upon  each  of  the  several  crops  of  the  rotation. 

Rotations  Nos.  1  and  4  have  the  same  crops  in  each,  but  theii 
sequence  is  changed,  oats  instead  of  wheat  being  stubbled  in  aftef 
com,  with  wheat  following  oats  instead  of  oats  following  wheat,  i 
comparison  of  these  two  wheat  and  oats  crops  will  give  some  very 
definite  information  concerning  the  proper  sequence  of  these  two 
crops,  as  well  as  the  proper  relation  of  the  com  crop  to  each.  The 
relative  effect  of  wheat  and  oats  upon  the  following  com  crop  cut 
also  be  studied. 

Rotations  Nos.  1,'2,  and  3  may  be  compared  with  rotation  No.  5 
to  ascertain  the  relative  merits  of  summer-fallowing  and  croppii^ 
to  corn  as  a  preparation  for  a  wheat  crop,  taking  into  consideration 
that  but  two  crops  are  grown  in  three  years  in  the  case  of  No.  5,  vhifc 
three  crops  are  grown  in  Nos.  1,  2,  and  3. 

In  rotation  No.  6  a  barley  crop  has  been  substituted  for  the  wheat 
crops  which  occur  in  all  the  preceding  rotations.  Many  compariscms 
may  be  made  between  these  six  rotations  that  will  throw  much  light 
upon  sequence  as  well  as  cultivation. 

Rotation  No.  7  is  Uke  No.  6,  except  that  the  relative  positions  of 
oats  and  barley  have  been  transposed.  The  same  comparison  maj 
be  made  with  this  as  with  No.  6. 

In  rotation  No.  8  we  have  another  chance  to  compare  summer 
fallow  with  com  as  a  preparation  for  small-grain  crops,  oats  being 
the  crop  used  to  follow  the  summer  fallow  in  this  instance.  A  com- 
parison of  No.  8  with  No.  4  will  bring  out  the  relative  value  of  com 
and  summer  fallow  as  a  preparation  for  oats,  and  a  comparison  with 
No.  1  and  No.  5  will  show  whether  the  best  results  will  be  obtained 
from  using  wheat,  oats,  or  barley  as  a  crop  to  follow  com  or  summer- 
fallow. 

Rotation  No.  9  is  identical  with  No.  3,  except  that  the  sequence  is 
changed. 

Besides  the  comparisons  already  mentioned,  the  list  of  which 
might  be  indefinitely  extended,  each  one  of  the  nine  rotations  may  be 
compared  as  a  unit  with  any  other. 

We  have  seven  crops  of  wheat  growing  each  year,  as  follows: 

No.  1.  WTieat  after  com — stubbled  in.  No.  5.  Wheat  after  summer  fallow. 

No.  2.  Wheat  after  com — spring  plowing.  No.  8.  Wheat  after  oats — fall  plowing. 

No.  3.  Wheat  after  com — ^fall  plowing.  No.  9.  Wheat  after  oats — spring  plowing. 
No.  4.  Wheat  after  oats — fall  plowing. 
187 


CHOP  ROTATION  COMPARED  WITH  CONTINUOUS  CROPPING.         23 

Ve  have  seven  crops  of  com,  grown  as  follows: 


No.  6.  Com  after  oats — fall  plowing. 
No.  7/  Com  after  barley — spring  plowing. 
No.  9.  Com  after  wheat — spring  plowing. 


1 .  Com  after  oats — fall  plowing. 

2.  Com  after  oats — spring  plowing. 

3.  Com  after  oats — fall  plowing. 
4-  Com  after  wheat — fall  plowing. 

3ats  enter  into  each  of  the  nine  rotations,  and  have  been  grown  as 
lo'w^: 


No.  6.  Oats  after  barley — fall  plowing. 

No.  7.  Oats  after  com — spring  plowing. 

No.  8.  Oats  after  summer  fallow. 

No.  9.  Oats  after  com — spring  plowing. 


.  I .  Oats  after  wheat — fall  plowing. 

.  2.  Oats  after  wheat — spring  plowing. 

.  3.  Oats  after  wheat — fall  plowing. 

.  4.  Oats  after  com — stubbled  in. 

.  5.  Oats  after  wheat — fall  plowing. 

Barley  enters  into  but  two  of  the  rotations,  as  follows: 

.  6-    Barley  after  com — stubbled  in.      |  No.  7.  Barley  after  oats — spring  plowing. 

An  inspection  of  this  tabular  arrangement  of  the  crops  will  at  once 
o"3V  that  there  are  a  very  large  number  of  questions  concerning  soil 
t?paration  and  crop  sequence  that  may  be  definitely  answered  by 
is  series  of  experiments,  not  from  the  result  of  a  single  instance  but 
J  a  system  of  cross-checking  from  the  results  of  several  crops  grown 
''ery  year  under  different  systems  of  soil  preparation  and  crop 
»quence. 

EXPLANATORY   NOTES. 

The  purposes  of  this  series  of  rotations  are  to  test  the  effect  of  crop 
^quence  and  time  of  plowing. 

Good  farming  is  practiced  upon  all  the  plats.  No  special  methods 
E  inoistm*e  conservation  are  contemplated  in  this  experiment.  Plow- 
ig  is  to  a  depth  of  8  inches  and  is  uniform  for  all  plats. 

Fall  plowing  is  done  as  early  in  the  season  as  practicable.  Whether 
he  land  is  disked  or  harrowed  or  left  undisturbed  after  fall  plowing 
i  left  to  the  judgment  of  the  man  immediately  in  charge.  Whatever 
practice  in  this  respect  is  adopted  for  one  of  these  rotations  is  followed 
or  all  in  this  series.  The  same  general  rule  is  applied  to  plowing 
ind  the  fitting  of  the  seed  bed  in  the  spring.  Such  an  amount  of  work 
B  done  upon  the  land  as  will  put  it  in  good  tilth. 

In  spring  plowing  for  com  the  rule  has  been  to  have  the  plowing 
ieferred  imtil  corn-planting  time,  and  for  the  planter  to  follow  as 
Josely  after  the  plowing  as  possible  and  the  harrow  immediately 
after  the  planter.  In  some  instances  it  has  seemed  desirable  to  disk 
ar  harrow  the  ground  before  spring  plowing  for  com.  This  is  left 
to  the  judgment  of  the  man  in  charge. 

The  summer-tilled  plats  in  this  series  have  been  treated  like  the 
SMmmer-tilled  plats  in  the  moisture-conservation  series  discussed  in 
the  previous  pages. 
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These  rotations  were  not  planned  nor  are  they  here  prefientod  aj 
the  best  rotations  for  the  Great  Plains  area.    They  are  aeiknisif^ 
defective  in  that  they  make  no  provision  for  maintaiiuiig  or  restoii^ 
the  organic  matter  to  the  soU.     They  were  established  for  the  pia^ 
pose  of  studying  the  effects  of  crop  sequence^  or  the  effect  that  (W 
crop  has  upon  the  crops  following  it,  and  the  relative  merits  of  fa& 
and  spring  plowing.     For  these  purposes  these  simple  rotations  hsve 
some  marked  advantages  over  longer  and  better  rotations.    Ths 
phase  of  the  experiments  will  be  but  very  briefly  mentioned  at  Hob 
time,  although  it  is  beUeved  that  the  thoughtful  reader  may  find 
some  very  interesting,  although  possibly  not  conclusive,  evidence  oo 
these  subjects  by  a  careful  study  of  these  tables.     This  subject  w3l 
be  more  fully  treated  in  some  future  publication.    The  purpose  d 
introducing  these  figiu'es  at  this  time  is  to  show  that  even  these 
defective  3-year  rotations  have  given  better  net  results  than  eiUnr 
the  continuous  cropping  or  alternate  cropping  and  summer  tiUtgie 
described  in  the  foregoing  pages.    By  ''better  net  results"  is  meant 
that  at  nearly  all  stations  the  yields  have  been  better  for  all  three 
crops — wheat,  oats,  and  barley — where  the  rotation  of  crops  has  been 
practiced  than  where  the  same  crop  has  been  grown  coi\tinuously  od 
the  same  ground.     This  statement  is  equally  true  concerning  both 
ordinary  methods  and  moisture-conservation  methods  of  continuous 
cropping.     The  labor  and  expense  involved  in  raising  crops  under  a 
system  of  rotation  are  not  materially  greater  than  where  continuoie 
cropping  by  ordinary  methods  is  practiced.    The  labor  and  expense 
of  raising  crops  under  moisture-conservation  methods  of  continuoBs 
cropping  are  materially  greater  than  under  a  system  of  crop  rotation, 
as  these  two  systems  have  been  practiced  in  these  experiments. 

Where  but  one  crop  is  raised  in  two  years,  as  in  the  case  of  alte^ 
nate  cropping  and  summer  tillage,  the  labor  and  expense  per  cn^ 
are  nearly  or  quite  double  that  of  either  rotation  or  continuous  crop- 
ping by  ordinary  methods.  In  order,  then,  to  make  the  net  results 
as  favorable  under  alternate  cropping  as  under  either  continuoif 
cropping  or  crop  rotation,  the  yields  should  be  nearly  double.  Sum- 
mer tillage  has  nearly  always  increased  the  yields,  but  it  has  seldo2S 
doubled  them.  In  only  a  few  instances  has  this  increase  been  suffi- 
cient to  pay  the  bare  expenses  of  the  additional  labor  involved.  Crop 
rotation  has  therefore  given  better  net  returns  than  either  alternate 
cropping  and  summer  tillage  or  continuous  cropping  by  either  ordi- 
nary methods  or  moisture-conservation  methods,  as  is  shown  by 
Tables  XXII  and  XXIII. 

A   COMMON   BASIS  OF  COMPARISON. 

In  order  to  answer  many  of  the  important  questions  concemisg 
the  relation  and  adaptability  of  rotations,  it  is  apparent  that  we 
must  have  some  common  basis  of  comparison  for  the  several  crops 
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in  the  rotation.  The  rotations  giving  the  best  yields  of  wheat 
Ldom  give  the  best  yields  of  oats,  and  the  best  rotations  calculated 
.  a.11  oat  basis  are  not  the  best  for  barley.  In  order  to  make  the 
^oossary  comparisons  we  must  be  able  to  reduce  the  figures  repre- 
n.t«iiig  the  yields  in  bushels  per  acre  of  all  the  crops  in  the  rotation 
.  CL  common  unit  of  measurement.  This  has  been  done  for  wheat, 
^rxx,  oats,  and  barley. 
Tlie  Bureau  of  Statistics  reports  *  as  follows  concerning  the  aver- 
farm  price  per  bushel  for  the  ten  years  1900-1909,  inclusive: 


^-verage  price  per  bushel  for  wheat,  com^  oaU,  and  barley,  xnfour  States,  1900-1909. 


SUte. 


Wheat. 


Com. 


rortli  Dakota. 
outb  Dakota.. 

Iet>raska 

fcS 

Avenge. 


Ceiits. 
68 

Cents. 
44 

67 
63 
67 

37 

35 

40 

66 


39 


Oats. 


CeTUs. 
31 
29 
29 
33 

30 


Barley. 


Centt. 


38 
37 
36 
39 


38 


These  four  States  were  selected  as  giving  a  more  reliable  basis  than 
could  be  obtained  by  including  Montana,  Wyoming,  Colorado,  Okla- 
hiOTna,  Texas,  and  New  Mexico.     All  of  these  latter-named  States 
have  a  portion  of  their  territory  lying  within  territory  where  local 
conditions  of  supply  and  demand  very  seriously  affect  both  the  rela- 
tive and  the  absolute  prices.     On  the  other  hand,  the  four  States 
first  named  lie  entirely  within  the  Plains  region,  with  sufficiently 
free  access  to  the  large  grain  markets  to  insure  them  against  any 
serious  influence  from  purely  local  conditions.     The  figures  given  will 
therefore  be  used,  after  making  one  correction,  for  calculating  the 
value  of  the  rotations.     This  one  correction  is  in  the  case  of  the  price 
for  wheat.     The  figures  given  are  the  averages  for  all  the  wheat 
marketed  in  the  four  States  specified.     This  includes  durum  as  well 
as  common  wheats.     Durum  wheats  were  used  exclusively  in  our 
experiments   with  spring  wheat.     The  price  of  durum  wheat  has 
nearly  always  been  less  than  the  averages  for  all  wheats — just  how 
much  lower  on  the  average  for  the  last  ten  years  we  have  no  means 
of  knowing.     Neither  have  we  any  satisfactory  basis  for  calculating 
the  percentage  of  durum  to  the  entire  wheat  crop  of  these  States. 
It  has  therefore  been  decided  to*  arbitrarily  reduce  the  above  estimate 
to  60  cents  per  bushel  for  duiiim  wheats.     It  is  probable  that  the 
reduction  should  be  greater  than  this  rather  than  less,  but  in  the 
absence  of  any  more  satisfactory  basis  the  following  prices  in  cents 
per  bushel  have  been  adopted : 


Durum  wheat. 
Corn 


60 
39 


Oats 30 

Barley 38 
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While  these  values  per  bushel  seem  to  be  the  most  reliable  obt«i&- 
able,  they  are  open  to  several  objections,  among  which  are  the 
following : 

They  are  much  too  low  for  all  crops  to  agi^ee  with  present  prices, 
or  those  obtaining  when  these  investigations  were  made.  As  it  is 
the  relative  rather  than  the  absolute  prices  of  these  crops  t-hat  are  of 
most  importance,  this  defect  is  not  so  serious  as  some  others.  If 
these  prices  were  relatively  correct,  they  could  be  raised  horizontaBv 
to  suit  market  prices  at  any  given  time,  without  disturbing  their 
relations  to  each  other,  by  simply  multiplying  them  by  some  factor 
which  would  bring  them  all  up  to  the  proper  figure.  A  much  more 
serious  defect  is  found  in  the  fact  that  the  average  prices  for  the  last 
ten  years  do  not  bear  the  same  relation  to  each  other  that  the  crop- 
producing  power  of  the  soil  bears  to  those  prices  when  sown  to  these 
crops  under  exactly  the  same  conditions.  To  illustrate,  we  give  below 
the  average  yields  obtained  from  each  of  the  three  grain  crops  in  all 
the  18  tests  under  continuous  cropping  by  ordinary  methods  and  by 
crop  rotation,  with  the  value  per  acre,  calculated  on  the  basis  of  the 
farm  price  per  bushel  for  the  last  ten  years: 

Table  IV. — Average  yields  on  experimental  platSj  in  huahels,  and  average  /am  vahe 
per  acrcy  based  on  the  average  prices  for  ten  years,  1900-1909,  indugivej  in  North  and 
South  Dakota,  Nebraska,  and  Kansas. 


Cropping  method. 

Wheat 

Oats. 

Bariej. 

PrioB 

per 
bnsheL 

1 

Fann 
vaJuepo' 

Continuous  cropnine.  ordinary  methods 

17.4 

BtukeU. 

Biukda. 

Ontu. 

flO 
30 
38 

eo 

30 
38 

S10.44 

Do 

30.2 

9- OS 

Do 

21.1 

JLCB 

Three- vear  rotation 

19*8 

11- J6 

Do 

36.3 

IG  W 

Do 

24.3 

S.23 

It  will  be  seen  that  wheat  under  continuous  cropping  produced 
a  farm  value  per  acre  of  $10.44,  while  oats  produced  only  $9.06  and 
barley  $8.02.  The  land  upon  which  these  yields  were  obtained  was 
the  same  for  each  of  the  three  crops.  The  climatic  conditions  and 
the  preparation  of  the  soil  were  the  same.  The  cost  of  raising  the 
crop  was  essentially  the  same  for  all  the  crops.  Therefore,  the  fann 
value  per  acre  should  have  been  the  same  if  the  farmer  were  to 
receive  the  same  profit  on  each  crop.  Such,  however,  was  not  the 
case,  as  shown  by  the  above  figures.  In  order  to  make  the  same 
profit  from  all  the  crops,  it  would  have  been  necessary  to  secure 
34i  cents  per  bushel  for  oats,  instead  of  30  cents  and  49^  cents  per 
bushel  for  barley.  With  crop  rotation  the  results  are  simUar;  the 
price  for  oats  should  have  been  33  cents  and  for  barley  49  cents  to 
make  the  farm  value  per  acre  the  same  as  for  wheat  at  60  cents  per 
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ushel.  Figuring  wheat  on  a  90-cents-per-bushel  basis,  which  is 
pproximately  the  present  market  price,  oats  should  bring  about 
1  cents  and  barley  about  73  cents  per  bushel.  This  is  considerably 
n  excess  of  present  farm  prices  for  oats  and  barley,  which  shows 
h&t  they  are  at  present  and  have  been  for  the  last  ten  years  rela- 
ively  too  low  in  comparison  with  wheat. 

This  is  an  important  consideration  with  every  farmer  who  is 
>l&zixking  to  diversify  his  crops  in  order  to  adopt  a  system  of  crop 
ot&tion.  It  is  evident  that  in  order  to  receive  equal  immediate 
;&sli  returns  for  his  crops  he  must  accomplish  one  or  more  of  the 
olio  wing  results: 

(1)  He  must,  by  selecting  varieties  especially  adapted  to  the 
ocality  or  by  better  methods  of  tillage,  increase  the  relative  yields 
^f  oats  and  barley  as  compared  with  wheat  above  those  obtained  in 
these  investigations;  or  (2)  he  must,  by  raising  oats  or  barley  of 
superior  quality,  obtain  prices  in  advance  of  the  average  market 
price ;  or  (3)  he  must,  by  feeding  these  grains,  realize  more  than  the 
market  price  for  them;  or  (4)  he  must,  by  adopting  a  rotation  of 
crops  instead  of  cropping  continuously  to  the  same  crop,  improve 
the  condition  of  his  farm,  and  by  reducing  the  loss  from  weeds, 
diseases,  and  insect  attacks  increase  the  yields  of  all  the  crops  grown 
so  as  to  make  the  net  returns  from  his  farm  equal  to  or  greater  than 
those  obtainable  from  continuous  cropping  to  wheat. 

It  is  probable  that  most  of  the  results  mentioned  may  be  obtained 
by  adopting  a  proper  system  of  crop  rotation.  The  value  of  the 
results  so  obtained  and  the  best  method  of  obtaining  them  depend 
largely  upon  local  conditions  of  soil  and  climate,  the  market  prices 
for  grain  and  live  stock,  and  frequently  upon  various  other  condi- 
tions more  or  less  local  or  individual  in  their  nature.  Such  being 
the  case,  each  farmer  must  necessarily  depend  largely  upon  his  own 
judgment  and  knowledge  of  these  conditions  in  deciding  how  best 
to  accomplish  the  desired  results. 

The  discussion  of  the  results  of  these  investigations  will,  therefore, 
be  confined  mainly  to  showing  what  may  reasonably  be  expected 
from  increased  yields  due  directly  to  crop  rotation  as  compared  with 
continuous  cropping. 

Table  V  has  been  prepared  by  usinjr  the  same  values  per  bushel 
as  in  Table  IV  and  the  yields  from  continuous  cropping  by  ordinary 
methods  at  each  of  the  stations  as  a  basis.  The  figures  given  in  the 
table  in  the  column  headed  '* Average  for  wheat  and  oats"  have 
been  used  as  a  basis  of  comparison  with  rotations  1,  2,  3,  4,  5,  8, 
and  9  in  Tables  XXII  and  XXIII.  The  figures  in  column  headed 
*'  Average  for  barley  and  oats  "  have  been  used  as  a  basis  of  comparison 
with  rotations  6  and  7  in  the  same  tables.    The  figures  given  in  the 
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columns  headed  ''Wheat  at  60  cents/'  "Oats  at  30  cents,"  sad 
''Barley  at  38  cents,"  respectively,  may  be  used  to  make  compamoiB 
of  yields  per  acre  and  farm  values  per  acre  between  continDOOs 
cropping  and  crop  rotation  for  wheat,  oats,  or  barley  in  any  rota- 
tion or  for  any  test  reported  in  Tables  VI  to  Xiy,  inclusive. 

Table  V. —  Yields  from  corUintums  cropping  by  ordinary  methods,  in  busheU  and  ia 
farm  value  per  acre^  at  average  prices  far  the  ten  years  1900-1909,  indusive. 


Station. 


» 


Judith  Basin,  Mont. 
Dickinson,  N.  Dak.. 

Do 

Edgeley,  N.  Dak.... 

Do 

Do 

Hlghmoro,S.  Dak... 

Do 

Bellefourctie,  S.  Dak 
North  Platte,  Nebr.. 

Do 

Do 

Akron,  Colo 

Hays,  Kans 

Garden  City,  Kans . 

Dalhart,  Tex 

Amarillo,  Tex 

Do 


Year. 


Wheat  at  GO 
cents. 


Average. 


1909 
1908 
1909 
1907 
1906 
1909 
1907 
1908 
1909 
1907 
1906 
1909 
1909 
1908 
1909 
1909 
1908 
1909 


Bwh. 

33.0 

24.3 

26.8 

4.1 

13.3 

28.3 

28.8 

26.3 

23.8 

24.5 

22.7 

23.0 

14.3 

1.2 

2.1 

0.0 

17.0 

0.0 


$19.80 

14.58 

16.08 

2.46 

7.08 

16.96 

17.28 

15.78 

14.28 

14.70 

13.62 

13.80 

8.58 

.72 

1.26 

0.00 

10.20 

0.00 


Oats  at  30 
cents. 


Bartey  at  38 
cents. 


Aven^ 
far 


and  oats. 


Biuh. 

75.3 

48.4 

55.9 

21.3 

16.9 

67.5 

45.3 

34.4 

48.8 

30.0 

34.2 

31.3 

21.1 

1.3 

1.0 

0.0 

20.0 

0.0 


17.4 


10.44 


I 


30.2 


$22.59 

14.52 

16.77 

6.39 

5.07 

17.25 

13.59 

10.32 

14.64 

9.00 

10.34 

9.39 

6.33 

.39 

.30 

0.00 

6.00 

0.00 


Bush. 
45.2 
33.5 
39.8 
10.2 
25.0 
27.0 
30.2 
29.8 
23.8 
39.0 
19.6 


$17.20 
12.73 
15.12 

3.88 

9.50 
10.26 
11.48 
11.32 

9.04 
14.82 

7.45 


9.06 


19.7 
5.8 
2.4 
0.0 
7.9 
0.0 


21.1 


7.49 
2.20 
.91 
0.00 
3.00 

aoo 


&02 


cn.ao 

14.55 
1&42 

4.43 

&53 

17.11 

15.44 

13.05 

14.46 

11.85 

11.96 

11.59 

7.46 

.56 

.78 

0.00 

8.10 

0.00 

9.75 


for 

1,1 


9&» 
Ills 


I 


n.9 

11  a 
&.» 

9.9 

&§! 
1.91 

.e 

4.5 


S.S3 


The  following  nine  tables,  Tables  VI  to  XIV,  inclusive,  show  in 
detail  the  yields  per  acre  in  bushels  and  the  farm  value  per  acre  far 
each  of  the  tliree  crops  grown  in  the  nineteen  tests.  The  farm  values 
have  been  calculated  on  the  basis  of  60  cents  for  wheat,  30  cents  for 
oats,  38  cents  for  barley,  and  39  cents  for  com. 

In  these  tables  the  average  farm  values  in  dollars  per  acre  of  the 
two  small-grain  crops  only  in  each  rotation  have  been  considered. 
Seven  of  these  rotations  contain  com  crops,  and  two  of  them,  Nos. 
5  and  8,  a  year  of  summer  tillage  each.  There  is  therefore  one  factor— 
the  yield  of  the  corn  crop — ^A\'hich  has  so  far  been  neglected  in  con- 
sidering the  relative  jaelds  of  the  rotations.  This  omission  is  to  be 
regretted,  but  it  seemed  unavoidable  for  the  following  reasons: 

(1)  The  com  crop  lends  itself  much  less  readily  to  growing  on 
small  plats  so  as  to  give  results  comparable  to  those  of  large  fields 
than  do  w^heat,  oats,  and  barley.  While  careful  records  of  all  com 
yields  have  been  kept,  they  are  not  entitled  to  the  same  confidence  as 
the  small-grain  yields.  (2)  Very  little,  if  any,  of  the  Great  Plains 
area  can  be  considered  as  a  corn-growing  country.  In  most  of  the 
area  corn  can  and  will  be  profitably  grown,  but  a  considerable  share 
of  the  profit  from  its  growth  will  be  derived  from  the  beneficial  eS&^i 
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CROP  ROTATION  COMPARED  WITH  CONTINUOUS  CROPPING.  29 

lioli  the  growing  of  the  com  crop  has  in  preparing  the  soil  for  the 
»ps  of  small  grain  which  are  to  follow  it  in  rotation. 
rt  is  assumed  that  the  com  crop  will  produce  enough  in  the  form 
fodder  and  grain  to  at  least  pay  for  the  labor  involved  in  its  pro- 
ction.  The  labor  involved  in  raising  a  crop  of  com  is  no  greater 
an  that  required  to  summer  till  an  equal  area.  In  comparing  the 
ilds  obtained  from  the  small-grain  crops  in  a  rotation  containing 
mmer  tillage  with  one  containing  com  it  has  been  assumed  that  the 
elds  from  the  summer-tillage  rotation  must  be  enough  in  excess  of 
ose  from  the  com  rotation  to  pay  for  the  summer  tillage.  Or,  to 
it  it  in  another  way,  the  com  crop  must  be  suflScient  to  equal  in 
due  the  excess  in  yield  of  the  two  small-grain  crops  in  the  summer- 
led  over  those  in  the  com  rotation.  Whatever  form  of  compari- 
m  is  used  it  is  assumed  that  the  labor  required  to  produce  a  crop  of 
nn  is  approximately  the  same  as  to  summer  till.  The  com  crop 
fiiys  for  the  work  bestowed  upon  it,  while  the  summer-tilled  rotation 
lUst  produce  enough  more  small  grain  to  pay  for  the  cost  of  the  sum- 
ler  tillage. 

Com  should  therefore  be  much  more  commonly  grown  than  it  now 
;  in  this  area,  not  because  it  is  a  profitable  crop  in  itself,  but  because 
.  takes  the  place  of  summer  tillage  in  the  rotation  and  at  least  pays 
>r  the  labor  bestowed  upon  it.  A  corn  crop  might  therefore  be  con- 
idered  a  complete  failure  judged  from  the  standpoint  of  grain  pro- 
luction,  but  still  yield  enough  in  the  way  of  rough  fodder  and  be  valu- 
ble  enough  in  its  effect  upon  subsequent  crops  in  the  rotation  to  make 
t  a  very  profitable  crop. 

In  the  double  columns  headed  "Com''  are  given  the  yields  in 
mshels  per  acre  and  the  farm  value  per  acre  based  upon  the  actual 
jields  of  grain  wherever  the  crop  matured.  The  yields  of  fodder  are 
ilso  given  in  pounds  per  acre,  but  no  value  is  calculated  for  this  por- 
iion  of  the  crop.  It  will  be  noticed  that  in  many  instances  a  good 
^eld  of  fodder  was  obtained  without  any  reported  yield  of  grain. 
rhis  is  due  to  the  failure  of  the  crop  to  mature.  The  selection  of  an 
Barlier  maturing  variety  would  undoubtedly  in  many  instances  have 
resulted  in  a  good  yield  of  grain.  The  com  yields  do  not  enter  into 
the  valuation  of  the  rotation.  These  figures  are  given  simply  to  show 
that  com  can  be  grown  at  these  stations. 
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Table  VI. —  Yields  of  wheat,  oats,  and  com  in  bushels  per  acre  and /arm  value  jitrm 

in  nineteen  tests,  1906-1909,  inclusive. 

Rotation  No.  1. 

Plat  A.  Spring  wheat  on  corn  ground  disked  but  not  plowed. 
Plat  B.  Oats  on  ground  plowed  early  the  preceding  fall. 
Plat  C.  Com  on  ground  plowed  early  the  preceding  fall. 


Station. 


Judith  Basin,  Mont.. 
Dickinson,  N.  Dak.. 

Do 

Edgeley,  N.  Dak 

Do 

Do 

Uighmore,  8.  Dak. . . 

Do 

Do 

Bellefourche,  S.  Dak. 
North  Platte,  Nebr.. 

Do 

Do 

Akron,  Colo 

Hays,  Kans 

Garden  City,  Kans... 

Dalhart,  Tex 

Amarillo,  Tex 

Do 


Ai« 


Year. 


1909 
1908 
1909 
1907 
1908 
1909 
1906 
1907 
1908 
1909 
1907 
1908 
1909 
1909 
1908 
1909 
1909 
1906 
1909 


Average. 


Wheat. 

Oats. 

Com. 

Corn 
fodder 

-1 

■ 

«ii4 

• 

1 

on 

i 

BtuheU. 

BtuhtU. 

BushOs. 

'Poaadi 

34.8 

S20.88 
21.48 
23.88 

68.1 
35.3 
64.4 

920.43 
10.59 
19.32 

8.1f0 

:     2,050 

2.080 

m 

35.8 

Id 

39.8 

50.7 

S19.7T 

a 

16.7 

10.02 
14.40 
19.80 

25.9 
26.3 
64.0 

7.77 

7.89 

19.20 

4.150 
2.<00 
3.150 

1 

24.0 

u 

33.0 

30.8 

12.01 

a 

26.7 

16.02 

45.3 

13.59 

33.1 

12.91 

^ 

21.5 

12.90 

46.9 

14.07 

21.4 

8.35 

m 

24.3 

14.58 

28.8 

8.64 

16.4 

6.40 

!M 

29.4 

17.64 

55.6 

16.  f  8 

20.7 

l!L07 

3.370 

^ 

22.3 

13.38 

26.9 

8.07 

14.4 

5.62 

5.080 

m 

28.6 

17.16 

60.3 

18.09 

31.8 

12.40 

3.620 

IT.I 

21.7 

13.02 

23.1 

6.93 

25.1 

9.79  i 

2.490 

% 

25.0 

15.00 

25.6 

7.f8 

26.4 

10.30 

1.909 

11 

3.7 

2.22 

28.5 

8.55 

4.2 

1.64 

6.f«5 

5 

1.0 

.60 

3.0 

.90 

.00 

2,S20 

< 

.0 

.00 

.0 

.00 

.00 

650 

.( 

8.3 

4.98 

28.1 

8.43 

16.6 

6,48 

2.740 

«.1 

.0 

.00 

10.0 

3.00 

.00 

1.610 

LI 

20.87 

12.52 

35.06 

10.52 

lU 

1 

Table  VII.- 


Yields  of  wheat,  oats,  and  com  in  bushels  per  acre  and  farm  value  per  mi 
in  nineteen  tests,  1906-1909,  inclusive. 


Rotation  No.  2. 


Plat  A.  Spring  wheat  on  spring-plowed  ground. 
Plat  B.  Oats  on  spring-plowed  ground. 
Plat  C.  Com  on  spring-plowed  ground. 


Station. 


Year. 


Judith  Basin,  Mont.. 
Dickinson,  N.  Dak. . 

Do 

Edgelcy,  N.  Dak 

Do 

Do 

HiRhmore,  S.  Dak... 

Do 

Do 

Bellcfourche,  S.  Dak. 
North  Platte,  Nebr. . 

Do 

Do 

Akron,  Colo 

Hays,  Kans 

Garden  Cltv,  Kans.. 

Dalhart,  Tex 

Amarillo,  Tex 

Do 


Average. 


1909 
1908 
1909 
1907 
1008 
1909 
1906 
1907 
1908 
1909 
1907 
1906 
19C9 
19C9 
1008 
1009 
1909 
1908 
1909 


Wheat. 


Bushels. 
33.1 
35.0 
39.7 
13.2 
15.8 
82.6 
27.3 
29.0 
25.2 
23.0 
23.7 
24.0 
17.2 
20.8 

L5 

4.0 
.0 

8.0 
.0 


S19.86 

2L00 

23.82 

7.92 

9.48 

19.56 

16.38 

17.40 

15.12 

14.34 

14.22 

14.40 

10.32 

12.48 

.90 

2.40 

.00 

4.80 

.00 


Oats. 


19.68'    n.81 


Budiels, 

63.1 

82.5 

60.6 

29.7 

20.6 

63.7 

38.8 

41.6 

36.9 

42.5 

32.3 

36.9 

28.1 

18.3 

26l0 

1.3 

.0 

2.34 

.0 


32.44 


S18.93 

1&.75 

18.18 

8.91 

6.18 

19.11 

n.64 

12.48 

n.07 

12.75 

9.60 

n.07 

8.43 

5.49 

7.80 

.39 

.00 

7.02 

.00 


AtW- 


Com. 


Com 
fodder. 


of 


\BuskH9, 


49.7 


31.3 
42.7 
21.4 
28.8 
17.2 
17.0 
31.6 
2&0 
2&3 
l&O 


12.9 


9.73  1    16.84 


$19.38 


12.21 
1&S5 

&35 
11.23 

6.71 

&63 
12.32 

9.75 

iaa6 

6.24 


&03 


PoHndM. 

,  6.650 
1.340 
2,180 
3.150 
2,500 
3,350 


3,180 
4,430 
3.110 
1.900 
2.760 
4.380 
2,260 
850 
2,950 
1,500 


sai 

i&i 

2XM 

7.91 

lft4 

K« 

liM 

l&M 

11  fl 

11.11 

12.3 

ft37 

8.11 

49S 

LU 

.00 
i« 

.00 


ia77 
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VIII. —  Yields  of  wheat  ^  oaU,  and  cam  in  bushels  per  acre  and  farm  valine  per  acre 

in  nineteen  tests,  1906-1909,  inclusive. 


Rotation  No.  3. 

Lfiit  A.  Spring  wheat  on  ground  plowed  early  the  preceding  fall. 
Lcfct  B .  Oats  on  ground  plowed  early  the  preceding  fall. 
Li»t  C.  Com  on  ground  plowed  early  the  pr^>eding  fetll. 


Station. 


,ti  Basin,  Mont.. 
Inaon,  M.  Dak.. 

>o 

dey,  N.  Dak 

>o 

>o 

.more,  S.  Dak... 

>> 

L>o 

»iourche,  8.  Dak. 
ti  Platte,  Nebr. . 

Do 

Do 

m,  Colo 

s,  Kans 

i«n  City,  Kans.. 

lart,  Tex 

irnio,  Tex 

Do 


Average. 


1909 
1908 
1909 
1907 
1906 
1909 
1906 
1907 
1906 
1909 
1907 
1908 
1909 
1909 
1908 
1909 
1909 
1908 
1909 


ButheU. 

31.0 

3&0 

37.3 

12.6 

20.8 

32.5 

25.5 

27.2 

26.7 

29.9 

20.7 

27.7 

24.3 

19.2 

3.9 

2.2 

.0 

8.5 

.0 


S18.60 
21.00 
22.38 

7.66 
12.48 
19.60 
16.30 
16.32 
16.42 
17.94 
12.42 
16.62 
14.58 
11.62 

2.34 

1.32 
.00 

6.10 
.00 


20.21 


12.30 


Oats. 


Com, 


BusheU, 
61.5 
38.9 
62.5 
30.6 
16.9 


66 
47, 
46 
29 
63.6 
30.6 
60.3 
18.3 
18.8 
20.1 
.0 
.0 
27.6 
17.8 


118.  45 

11.67 

18.75 

9.15 

6.07 

19.96 

14.16 

13.69 

8.91 

16.06 

9.18 

18.09 

6.49 

6.64 

6.03 

.00 

.00 

8.26 

6.34 


34.0 


10.20 


Bu.shiJ^: 

1 

48. 3 

S18.84 

29.0 
39.1 
22.9 
19.6 
17.8 
19.6 
33.7 
22.6 
26.7 
6.7 


17.6 


11.31 

16.26 

8.93 

7.64 

6.94 

7.64 

13.14 

8.71 

10.02 

2.22 

.00 

.00 

&86 

.00 


Com 
fodder. 


Pounds. 
8,960 
2,610 
1,P40 
3,160 
1,900 
2,750 


Aver- 
age 
value 
per  acre 

of 

wheat 

and 

oats. 


3,416 
4,670 
3,430 
2,170 
4,400 
5.700 
2,940 
1.000 
3,260 
1,430 


$18.53 

16.  a3 

20.67 

8.36 

'    8.78 

19.72 

14.73 

14.96' 

12.16 

17.01 

10.80 

17.36 

10.'04 

8.68 

4.19 

.66 

.00 

6.67 

2.67 


I      11.16 


BLE  IX. —  Yields  of  oats,  tvheat,  and  com  in  bushels  per  acre  and  farm  value  per  acre 

in  nineteen  tests,  1906-1909,  inclu^ioe. 

Rotation  No.  4. 

Plat  A.  Oats  on  com  ground,  not  plowed  but  disked. 
Plat  B.  Spring  wheat  on  fall-plowed  ground. 
Plat  C.  Com  on  fall-plowed  ground. 


Station. 


Year. 


dith  Basin,  Mont. . 
eUnson,  N.  Dak.. 

Do 

Igeley,  N.  Dak 

Do 

Do 

I^unore,  S.  Dak. . . 

Do 

Do 

eDefoorche,  S.  Dak. 
orth  Platte,  Nebr. . 

Do 

Do 

kron,  Colo 

[ays,  Kans 

lardenaty.  Kans.. 

»glbart,  Tex 

unvUlo,  Tex 

Do 


1909 
1908 
1909 
1907 
1908 
1909 
1906 
1907 
1908 
1909 
1907 
1908 
1909 
1909 
1908 
1909 
1909 
1908 
1909 


Wheat. 


Average. 


Bushels. 

Bushels. 

74.1 

122.23 

33.3 

67.2 

20.16 

18.8 

72.6 

21.75 

34.3 

28.8 

8.64 

10.5 

23.4 

7.02 

15.7 

63.7 

19.11 

28.5 

61.6 

18.48 

25.0 

48.4 

14.62 

29.0 

35.6 

10.68 

21.8 

75.0 

22.50 

29.7 

40.6 

12. 18 

24.2 

54.3 

16.29 

31.3 

22.5 

6.76 

16.8 

21.3 

6.39 

10.6 

16.0 

4.80 

6.7 

2.9 

.87 

.9 

.0 

.00 

.0 

22.8 

6.84 

13.2 

.0 

.00 

.0 

38.46 

11.54 

18.44 

Com. 


$19.98 

11.28 

20.58 

6.30 

9.42 

17.10 

16.00 

17.40 

13.08 

17.82 

14.52 

18.78 

10.08 

6.36 

4.02 

.54 

.00 

7.92 

.00 

11.06 


Bushels. 


48.9 


32.1 
36.1 
22.6 

8.4 
19.8 
17.7 
30.0 
29.6 
23.1 

5.4 


17.6 


$19. 07 


12.62 

14.08 

8.81 

3.27 

7.72 

6.90 

11.70 

11.54 

9.01 

2.11 


6.86 


Com 
fodder. 


Pounds. 
7,040 
2,330 
2,000 
2,850 
1,750 
2.950 


3,216 
4.570 
3,670 
2.730 
2,340 
5.160 
2.440 
850 
3,280 
1,510 


Aver- 
age 
value 
per  acre 

of 

wheat 

and 

oats. 


$21. 11 

15.72 

21.17 

7.47 

8.22 

18.10 

ia74 

15.96 

11.88 

20.16 

13.36 

17.64 

8.41 

6.38 

4.41 

.70 

.00 

7.38 

.00 


11.30 
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id  plowed  euiy  the  pncedlnc  hU- 


PLAJKB.       I 


lera 

1«08 

i9og 

1909 
1908 

BiuluU 

is 

'in 

14.33 

ill 

^1 

6I.» 
XZ.5 

il 
1? 

W.I 

|s 

is!  41 

1»,S7 

ill 

10.  w 
1«.IH 

s.gs 

'1 

ft!3> 
.00 

BHkrIt. 

is; 
iiss 

x.sn) 

i:» 

10.3 

flO.«3 

36.1 
30.0 

^1 

11. B2 

0.01 
12. 3S 

3\.4i 

Belktoun-he,  B.  Bttli 

?! 

lis 

7.14 

25.B 

••" 

34,78 

1ft  43 
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XII. —  Yields  o/oatSy  barley  y  and  com  in  Irn^U  ver  acre  and  farm  value  per  acre 

in  nineteen  te$U,  1906-1909^  inaunve. 


ROTAHON  No.  7. 


At  A.  Oats  on  sprlne-plowed  nound. 
Bt  B.  Barley  on  spmig-plowea  ground. 
at  C.    Com  on  spnng-plowed  ground. 


Station. 


h  Baaln,  Mont.. 
Inaoo,  N.  Dak.. 

)o 

ley,  N.  Dak.... 

)o 

)o 

snore,  S.  Dak... 

Do 

Do 

A»urcbe,  S.  Dak. 
li  Platte,  Nebr. . 

Do 

Do 

M),  Colo 

lenCHy,  Kane.. 

!t,  Kane 

Iiwrt,  Tex 

Irillo,  Tex 

Do 


Average. 


Year. 


190» 
190B 
1900 
1907 
1906 
1909 
1906 
1907 
1908 
1900 
1907 
1908 
1900 
1909 
1909 
1908 
1909 
1906 
1909 


Oats. 


Barley. 


Buthela 

Butheli 

74.0 

122.20 

39.1 

60.9 

18.27 

34.4 

70.3 

21.09 

49.2 

24.8 

7.44 

10.6 

24.7 

7.41 

26.0 

60.9 

18.27 

32.7 

67.5 

17.25 

29.2 

43.8 

13.14 

28.3 

40.0 

12.00 

29.9 

58.8 

17.64 

28.1 

35.7 

10.71 

40.2 

60.3 

18.09 

22.3 

35.0 

10.50 

18.5 

25.6 

7.68 

22.2 

3.8 

1.14 

5.7 

15.2 

4.56 

9.2 

.0 

.00 

.0 

21.3 

6.39 

8.1 

.0 

.00 

.0 

37.5 

11.26 

22.83 

914.86 

13.07 

18.70 

4.03 

0.88 

12.43 

11.10 

10.75 

11.36 

10.68 

15.28 

8.47 

7.03 

8.44 

2.17 

3.50 

.00 

3.08 

.00 


8.67 


Cora. 


Butiuls, 


46.7 


20.8 
43.1 
28.6 
32.6 
20.6 
22.6 
31.7 
22.1 
21.7 


4.0 

ii'.o 


16.87 


S18.21 


11.62 

16.81 

11.15 

12.71 

8.03 

8.81 

12.36 

&62 

8.46 


1.56 


6.58 


Corn 
fodder. 


Pounds. 
7,120 
1,480 
2.000 
1.060 
2,550 
2,800 


2.080 
4.600 
3.630 
2.050 
2,380 
2.660 
4,640 
900 
2,050 
1,380 


Aver- 
ase 

value 

per  acre 

of  oats 

and 
barley. 


$18.53 

15.67 

10.80 

6.74 

8.65 

15.36 

14.17 

11.06 

11.68 

14.16 

12.00 

13.28 

8.77 

&06 

1.66 

4.08 

.00 

4.73 

.00 


0.97 


BLE  XIII. —  Yields  of  oai$  and  wheat  in  bushels  per  acre  and  farm  value  per  acre  in 

nineteen  testSy  1906-1909,  inclusive. 


Rotation  No.  8. 

Plat  A.  Oats  on  fallow  land. 

Plat  B.  Spring  wheat  on  ground  plowed  early  tbe  prsoeding  fell. 

Plat  C.  Summer  tillage. 


Station. 


idlth  Basin.  Mont.. 
)leUn8on,N.  Dak... 

Do 

4geley,N.  Dak 

Do 

Do 

Ilghmore,S.  Dak.... 

Do 

Do 

Mlefoorcbe,  S.  Dak. 
north  Platte, Nebr.. 

Do 

Do 

Akron,  Goto , 

Bays,  Kans 

Otrden  City,  Kaos. . 

Dilhart,Tex , 

AiittriUo,Tex 

Do 


ATersge. 


Year. 


1000 
1008 
1000 
1907 
1908 
1900 
1006 
1907 
1908 
1909 
1907 
1908 
1909 
1900 
1908 
1900 
1909 
1908 
1900 


Oats. 


ButheU. 
66.2 
60.0 
74.7 
30.0 
20.0 
56.2 
83.4 
57.8 
46.6 
85.2 
40.0 
01.5 
.00 
28.3 
28.8 
6.8 
10.0 
33.4 
25.6 

44.56 


Wheat. 


Bwihela. 

$10.06 

40.3 

18.27 

20.5 

22.41 

35.0 

0.27 

8.5 

6.27 

10.3 

16.86 

26.6 

25.02 

25.0 

17.34 

32.7 

13.08 

27.5 

25.56 

33.2 

12.27 

28.3 

27.45 

31.3 

.00 

1&8 

8.40 

10.0 

8.64 

4.2 

1.74 

3.8 

3.00 

.0 

10.00 

13.7 

7.68 

.0 

13.37 

10.4 

Average 
value  per 

acre  of 
oats  and 

wheat. 


$24.18 

12.30 

21.00 

6.10 

6.18 

15.96 

15.00 

19.62 

16.50 

19.92 

16.08 

18.78 

10.08 

6.64 

2.52 

2.28 

.00 

8.22 

.00 

11.64 


$22.02 

15.20 

21.70 

7.10 

6.22 

16.41 

20.01 

18.48 

15.24 

22.74 

14.63 

23.11 

6.04 

7.52 

6.58 

2.01 

1.50 

0.12 

3.84 

12.61 
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34       CULTIVATION  METHODS  AND  BOTATIONS  FOB  GB£AT  PLAINS.       | 

Table  XIV. —  Yields  o/oaU,  wheat,  and  com  in  busheU  per  acre  and /arm  voitK  pff  ^ 

in  nineteen  tests,  1906-1909,  inclusive. 


Rotation  No.  9. 


Plat  A.  Oats  on  spring-plowed  ground. 
Plat  B.  Spring  wheat  on  spring-plowed 
Plat  C.  Com  on  spring-plowed  ground. 


] 

StaUon. 

Yean 

Oats. 

Wheat. 

Com. 

Corn 
fodiler. 

At«. 

uA 

wM 

i 

Judith  Basin.  Mont 

1909 
1908 
1909 
1907 
1908 
1909 
1906 
1907 
1908 
1909 
1907 
1908 
1909 
1909 
1908 
1909 
1909 
1909 
1909 

Buahelt. 
70.7 
50.6 
71.3 

5.6 
16.9 
58.7 
56.9 
47.5 
41.6 
62.2 
33.4 
48.2 
27.5 
17.5 
19.1 

2.3 

.0 

22.5 

.0 

S21.21 

15.18 

21.39 

1.68 

5.07 

17.61 

17.07 

14.25 

12.48 

18.  CO 

10.02 

14.46 

8.25 

5.25 

5.73 

.60 

.00 

6.75 

.00 

Biuheb. 
31.6 
18.7 
30.7 

4.2 
13.5 
25.8 
25.7 
24.5 
24.2 
26.1 
20.8 
17.5 
16.7 
14.3 

2.2 

2.5 
.0 

5.3 
.0 

<1&96 

11.22 

18.42 

2.52 

8.10 

15.48 

15.42 

14.70 

14.52 

15u6ti 

12.48 

10.50 

10.00 

&58 

1.32 

1.50 

.00 

3.18 

.00 

Bu^U. 

7,28B 
2,800 
l.OO 

2,000 
3,QS0 

■4.9K' 
4,8» 
3.490 

3,SS0 
2,»0 
4,130 

2,900 
1,200 

2,690 
1.270 

Diclcinson,  N.  Dak 

Do 

43.5 

S1&97 

Edgeley.  N.  Dak 

'  9 

Do 

Do 

29.3 
38.1 
27.1 
25.9 
22.7 
18.6 
28.0 
27.1 
25u3 
4.3 

"  i4.T 

11.43 
14.86 
10.57 

laio 

&85 

7.25 

ia92 

lasi 

9.87 

1.68 

.00 

.00 

5.58 

.00 

Mj 

Highmore,  8.  Dak 

i§i 

Do 

Mm 

Do 

lU 

Bellefourche,  8 .  Dak 

North  Platte,  Nebr 

Do 

0. 

Do 

• 

Akron.  Colo 

Hays,  Kans 

Garden  City,  Kana 

L 

Dalhart.  Tex 

.1 

ATnariHo,  Tex , 

4fl 

Do 

j 

-I 

Averaee 

34.34 

10.30 

16.03 

9.61 

^4 

\ 

Tables  XV,  XVII,  and  XIX  present  in  convenient  form  for  com*; 
parison  the  yields  per  acre  of  each  rotation  for  each  test  and  esch 
crop,  the  average  yields  for  continuous  cropping,  and  the  losses  of 
gains  as  compared  with  crop  rotations  for  each  test. 

In  Tables  XVI,  XVIII,  and  XX  the  yields  are  expressed  in  fanii 
values  per  acre  instead  of  in  bushels.  Tables  XV  and  XVI,  XVH  W 
XVIII,  XIX  and  XX  being,  respectively,  companion  tables  deafio; 
with  the  same  crops,  but  using  diBFerent  terms  of  expression. 
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S      JV  >    . — 


Yield  of  wheaty  in  biLshels  per  acre,  in  seven  3-year  rotations  compared 
with  continuous  cropping. 


Station. 


Year. 


%  Basin,  Mont. 
n,  N.  Dak. 


ley,  1*.  Dak. 


•o 

Doorey  8.  Dak... 

>o. 

H>, 

fc>UTClie.  8.  Dak. 
A  Pl&tte,  Nebr. . 

>o-- 

>o 

n,  Oolo 

J,  lCi^"» 

ben  Olty,  Kans. . 
AT^    rTox ........ 

iifllo,  Tex"!!!*.! 
Do 


I9r9 
1908 
1909 

I9(r7 

1908 

I9r9 

1906 
1907 
19r8 
1909 
1907 
19')8 
1909 
1909 
1908 
1909 
1909 
1908 
1909 


No.  1. 

Wheat 
disked, 
oats  fall 
plowed, 
com  fall 
plowed. 


5 
3 
4 
3 


from   continuous 


cropping. 


Otdn  per  acre  by  rotation 
compAred  with  contin- 
uous cropping 


BuBhcU. 

34.8 

a  35. 8 

a39.8 

0  16.7 

a  24.0 

O33.0 

»).  7 

21. 

24. 

29. 

22. 

28.6 

21.7 

O2S.0 

3.7 

1.0 

.0 

8.3 

.0 

20.87 

17.39 


3.48 


Station. 


dith  Basin,  Mont. . 
ektaison,  N.  Dak. . . 

Do 

Igeler,  N.  Dak 

Do 

Do 

lyHmtMM,  S.  Dak. . . 

Do 

Do 

dlefourcbe,  8.  Dak. 
orth  Platte,  Nebr. . 

Do 

Do 

Joon,  Colo 

Imys,  Kans 

larden  City,  Kans. . . 

Hdbart,  Tex 

dnaiillo,  Tex 

Do 


Year. 


1909 
1908 
1909 
1907 
1908 
1909 
1906 
1907 
1908 
1909 
1907 
1908 
1909 
1909 
1908 
1909 
1909 
1808 
1909 


Average 

Average  fcxmi  continuous  cropping. 


Gain  (or  kMS)  per  acre  by  rotation  com- 
pared with  continuous  cropping 


No.  2. 

Wheat 

spring 

plowed, 

oats 

spring 

plowed, 

com 

spring 
plowed. 


Buthtla. 


33.1 
35.0 


39.7 

13.2 

15.8 

32.6 

27.3 

29.0 

25.2 

23.9 

23.7 

24.0 

17.2 

20.8 

1.5 

4.0 

.0 

8.0 

.0 


No.  3. 

Wheat 

fall 
plowed, 
oats  fall 
plowed, 
corn  fall 
plowed. 


19.68 
17.39 


2. 29 


BuMheU. 

31.0 

35.0 

37.3 

12.6 

20.8 

32.5 

25.6 

27.2 

25.7 

29.9 

20.7 

27.7 

a  24. 3 

10.2 

3.9 

2.2 

.0 

8.5 

.0 


20.21 
17.39 


2.82 


No.  4. 
Oats 

No.  6. 

No.  8. 

disked, 

Wheat  on 

Oats  on 
fallow, 
wheat 

fall 

plowed, 

fallow. 

wheat 
fall 

fallow, 
oats  fall 

plowed, 
corn  fall 
plowed. 

plowed, 
fallow. 

Bushels. 

Bushels. 

Bushels. 

33.3 

38.0 

«40.3 

18.8 

33.0 

20.6 

34.3 

37.7 

36.0 

10.5 

11.8 

8.5 

15.7 

19.5 

10.3 

28.5 

29.8 

26.6 

25.0 

a31.7 

25.0 

29.0 

a33.3 

32.7 

21.8 

0  29.0 

27.6 

29.7 

31.4 

a33.2 

24.2 

26.0 

a28.3 

31.3 

a  42. 2 

31.3 

16.8 

27.2 

16.8 

10.6 

18.2 

10.9 

a6.7 

4.1 

4.2 

.0 

a6.6 

3.8 

.0 

«7.7 

.0 

13.2 

«16.5 

13.7 

.0 

9.5 

.0 

18.44 

23.85 

19.40 

17.39 

17.39 

17.39 

1.06 

6.48 

2.01 

No.  9. 
Oats 

spring 
plowed, 

wheat 

spring 

plowea, 

corn 

spring 
plowed. 


Bushels. 
31.6 
18.7 
30.7 

42 
13.5 
25-8 
25.7 
24.5 
24.2 
2«).l 
20.8 
17.5 
16.7 
14.3 

2.2 

2.5 
.0 

5.3 
.0 

16.01 


-  1.39 


Average 
yield. 

Yield 
from  con- 
tinuous 
cropping. 

Bushels. 
33.0 
24.3 
»).8 
4.1 
13.3 
28.3 

Average  of  all  rota- 
tions    compared 
with   continuous 
cropping. 

Gain. 

hoss. 

Bushels. 
34.59 
28.11 
3(i.36 

Bushels. 
1.59 
3.81 
9.56 
6.97 
3.79 
1.43 

Bushels. 

11.07 

17.09 

29.73 

ai.70 

2S.  17 

2H.H 

2<i.3 

23.8 

24.5 

22.7 

23.0 

14.3 

1.2 

2.1 

.0 

17.0 

.0 

0.63 

2n.  34 

.96 

29.19 

5.29 

23  71 

.79 

2S.94 

6.24 

2-).  10 

2.90 

17.00 

2.70 

2.56 

.90 

3.76 

3.(X) 

1.10 
10.50 

1.10 

6.50 

\.m 

1.36 

19.78 

17.39 

17.39 

2.39 
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36       CULTIVATION  METHODS  AND  ROTATIONS  FOR  QBBAT  PLAINS. 

Tablb  XVI. — Farm  vahu  of  wheaty  in  dollan  and  cents  per  acre,  in  $even  3-year  rotatkm 

compared  vnth  continuoue  cropping. 


Station. 

YeM-. 

No.  1. 

Wheat 
disked, 
oats  fall 
plowed, 
com  fall 
plowed. 

No.  2. 

Wheat 

spring 

plowed, 

oats 

plowea, 
corn 

plowea. 

No.  3. 
Wheat 

&U 
plowed, 
oatslkll 
plowed, 
com  fall 
plowed. 

No.  4. 

Oats 
dtaked, 

wheat 

fall 
plowed, 
com  fall 
plowed. 

1 

NcSl 
Whmton 

l^ow, 

oatalUI 

plowed. 

faUow. 

$20.80- 

19.80 

23.62 

7.08 

11.70  < 

17.88 

19.  C3 

19.96 

17.40 

18.84 

16.60 

25.32 

16.32 

10.92 

2.46 

3.96 

4.62 

9.90 

5.70 

No.  8. 

OatSflQ 
f^iev, 
vtMt 

plowi 
teDov. 

Judith  Basin,  Mont 

Dickinson,  N.  Dak 

Do 

Edgeley.  N.  Dak 

Do 

Do 

Highmore,  S.  Dak 

Do 

Do 

1909 
1908 
19C9 
1907 
1908 
1909 
1906 
1907 
1908 
1909 
1907 
1908 
1909 
1909 
1908 
1909 
1909 
1906 
1909 

$23.86 

21.84 

23.88 

10.02 

14.40 

19.80 

16.02 

12.90 

14.68 

17.64 

13.38 

17.16 

13.02 

15.00 

2.22 

.60 

.00 

4.98 

.00 

U9.86 

21.00 

23.82 

7.92 

9.48 

19.66 

16.38 

17.40 

15.12 

14.34 

14.22 

14.40 

10.32 

12.48 

.90 

2.40 

.00 

4.80 

.00 

S18.60 
21.00 
22.38 

7.56 
12.48 
19.50 
15.30 
16.32 
15.42 
17.94 
12.42 
16.62 
14.58 
11.52 

2.34 

1.32 
.00 

5.10 
.00 

$19.98 

11.28 

2).  58 

6.30 

9.42 

17.10 

15.00 

17.40 

13.08 

17.82 

14.52 

18.78 

10.06 

6.36 

4.02 

.54 

.00 

7.92 

.00 

$ILM 

BeDefouiche,  8.  Dak 

IMI 

North  Platte,  Nebr 

WH 

Do 

lis 

Do 

ins 

Akron,  Colo 

Hays,  Kans 

Garden  City,  Kans 

Dalhart,  Tex 

Amarillo,  Tex 

Do 

ATorase 

12.52 

11.81 

12.13 

11.06 

14.31 

11.M 

Station. 

Year. 

No.  9. 
Oats 

sprlne 
plowea, 

wheat 

sprins 

plowea, 

corn 

spring 
plowed. 

Average 
yield. 

Yield 

f^omooQ- 

tinnous 

cropping. 

Aycraee<i(aIIroi»> 
tions     ooraiMnA 
with  coottanoa 
cropping. 

Gain. 

Loss. 

1909 
1906 
1909 
1907 
1906 
1900 
1906 
1907 
1908 
1909 
1907 
1908 
1900 
1909 
1908 
1909 
1909 
1908 
1909 

818.96 

11.22 

18.42 

2.52 

8.10 

15.48 

15.42 

14.70 

14.52 

16.06 

12.48 

10.50 

10.00 

8.58 

1.33 

1.60 

.00 

3.18 

.00 

120.75 
16.87 
21.81 

6.64 
10.25 
17.90 
16.02 
16.90 
15.20 
17.45 
14.23 
17.33 
12.06 
10.20 

2.26 

1.80 
.66 

6.30 
.81 

$19.80 

14.58 

16.08 

2.46 

7.96 

16.98 

90.95 
^29 
5.73 
4.18 
2.27 
.92 

Dickinson.  N.  Dak 

Do 

..•••>•■«* 

Edeelev,  N.  Dak 

Do 

Do 

17.28 
15.78 
14.28 
14.70 
13.62 
13.80 
8.58 

.72 
1.26 

.00 
10.20 

.00 

m.n 

Do 

3 

Bellefourche,  S.  Dak 

3.17 

:i 

North  Platte,  Nebr 

Do 

3.71 

-lii 

Do 

Akron,  Colo 

1.62 

l.M 

.54 

.66 

*8i' 

Garden  CItv,  Kans 

it 

.Vmarillo,  Tex 

Do 

.  . - --  -•••* 

Averaee 

9.61 

a  11. 87 

6  10.45 

61.19 

a  Average  of  19  crops. 


6  Average  of  ISenps. 
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XVII. —  Yield  of  oats  f  in  hushels  per  acre,  in  nine  S-year  rotations  compared  with 

continuous  cropping. 


Station. 


Year. 


j^^  J      No.  2. 
"heat  I  _— -,i«,-, 

faU     .  .?S?.F 

com   P*r!!z°' 

'all         •SS.r 

plowed,  p^^^. 


h  :Bftsln,  Moot. 
tnson,  N.  Dak. . 

►o 

aey,  N.  Dak.... 


xnoFB,  8.  Dak. . . 

[>o 

E>o 

tfourche,  R.  Dak. 
1ft  Platte,  Nebr. . 


081,  Colo. 


lien  City,  Kans. 

tiart,  Tex 

■riUo,  Tex 


Average  from  continuous  crop- 
ping  


0*in  per  acre  by  rotation  com- 
pared with  continuous  crop- 
ping  


1909 
1908 
1909 
1907 
1906 
1909 
1906 
1907 
1908 
1909 
1907 
1906 
1909 
1909 
1906 
1909 
1909 
1908 
1909 


Buth. 


1 
3 
4 


,0 
3 


66. 
35. 
64. 
25.9 
26.3 
64. 
46. 
46.9 
28.8 
55.6 
26.9 
60.3 
23.1 
25.6 
28.5 
3.0 
.0 
28.1 
10.0 


35.06 
90.16 


4.90 


Butk. 
63.1 
52.5 
60.6 
29.7 
20.6 
63.7 
38.9 
41.6 
36.9 
42.5 
32.3 
36.9 
28.1 
18.3 
26.0 
1.3 

.0 
23.4 

.0 


32.44 
30.16 


2.28 


No.  3. 
Wheat 

faU 
plowed, 

oats 

fall 
plowed, 

com 

faU 
plowed. 


No.  4.  I 

Oats   I  No.  5. 
disked,  Wheat 
wheat    fallow, 

fall     I    oats 
plowed,'     fall 

com    plowed, 


faU 
plowed. 


Buth. 
61.5 
38.9 
62.5 
30.6 
16.9 
a66.5 
47.2 
45.3 
29.7 
53.6 
30.6 
60.3 
18.3 
18.8 
20.1 
.0 
.0 
27.5 
17.8 


34.00 
30.16 


3.84 


Buth. 

a  74.1 

a  67. 2 

72.5 

28.8 

23.4 

63.7 

61.6 

48.4 

35.6 

75.0 

40.6 

54.3 

22.5 

21.3 

16.0 

2.9 

.0 

22.8 

.0 


38.46 
30.16 


8.30 


fallow. 


Buth. 
67.1 
39.4 
63.8 
27.5 

a  33. 
63. 
46.6 
55.0 
27.8 
51. 
31. 
54.7 
19.1 
16.7 
22.8 
3.3 
.0 
24.4 
15.3 


No.  6. 

Barley 

disked, 

oats 

fall 

plowed, 

com 

faU 

plowed. 


4 

,7 


.6 
2 


34.92 
30.16 


4.76 


BuMh. 
57.8 
44.7 
61.9 

0  32.5 
15.9 
60.3 
53.8 
49.4 
36.3 
65.0 
23.1 
49.1 
19.7 
20.8 

(S35.5 

3.1 

.0 

31.3 

.0 


34.78 
30.16 


4.62 


No.  7. 
Oats 

spring 
plowed, 

barley 

spring 
plowed, 

com 

piow< 


Butk. 
74.0 
60.9 
70.8 
24.8 
24.7 
60.9 
57.5 
43.8 
40.0 
56.8 
35.7 
60.3 

a  35.0 

25.6 

15.2 

3.8 

.0 

21.3 

.0 


37.50 
30.16 


7.34 


Statkm. 

Year. 

No.  8. 
Oats  on 

fallow, 

wheat 

fall 
plowed, 

fallow. 

No.  9. 
Oats 

spring 
plowed, 

wheat 

sprlne 

plowed, 

com 

spring 
plowed. 

Buth. 
70.7 
50.6 
71.3 

6.6 
16.9 
58.7 
56.9 
47.6 
41.6 
62.2 
33.4 
48.2 
27.6 
17.5 
19.1 

2.3 

.0 

22.5 

.0 

Average 
yield. 

Yield 
from  con- 
tinuous 
cropping. 

Average  of  all 
ro  tations 
compared 
w  1 1  n    con- 
tinuous crop- 
ping. 

Gain. 

Loss. 

odlth  Basin,  Mont 

1909 
1908 
1909 
1907 
1908 
1909 
1906 
1907 
1908 
1909 
1907 
1908 
1909 
1909 
1908 
1909 
1909 
1906 
1909 

Buth. 

66.2 

60.9 

a  74. 7 

30.9 

20.9 

56.2 

083.4 

a  57.8 

046.6 

185.2 

140.9 

091.5 

Buth. 
65.8 
50.0 
66.9 
26.2 
22.1 
62.0 
54.6 
48.4 
35.9 
61.1 
32.7 
50.6 
21.5 
21.4 
23.5 
2.8 
1.1 
26.1 
7.7 

Buth. 
75.3 
48.4 
56.9 
21.3 
16.9 
57.6 

Buth. 
...... ^. 

11.0 

Buth. 
9.5 

loktimn,  N.  Pak 

Do 

^dseley,  N.  Dak 

4.9  ! 

Do 

5.2 
4.5 

Do 

Ifpliinora,  S.  Dak 

Do 

45.3 

34.4 

48.8 

30.0 

34.4 

31.3 

21.1 

1.3 

1.0 

.0 

20.0 

.0 

3.1 
1.5 

Do 

leUefourche.  8.  Dak 

12.3 

north  Platte,  Nebr 

2.7 

Do 

25. 1 

Do 

"3" 

21.2 

9.8 

A.kron.  Colo 

0  28.3 
28.8 
o5.8 
olO.O 
033.4 
0  26.6 

Hays,  Kans 

cWden  City,  Kims 

1.8  . 

Dnihart,  Tex 

1.0 
6.1 

7.7 

Amarillo,  Tflx 

Do 

Average 

44.58 
30.16 

34.34 
30.16 

36.27 
30.16 

Avenge  from  continuous  crop- 
pimt 

*^     o  • 

Oaln  per  acre  by  rotatton  com- 
parsd  with  continuous  crop- 
pine 

14.42 

4.18 

6.11 

J"   o .•...•...•••..-...••••.... 
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Table  XVIII . — Farm  value  of  oats,  in  dollars  and  cents  per  acre,  in  niru  S-^eer 

compared  with  continiuyus  cropping. 


Sutlon. 


Judith  Basin,  Mont 1909 

Dickinson,  N.  Dak 1908 

Do 1909 

Edgeley,  N.  Dak 1907 

Do 1908 

"Dq 1909 

Highmorei  8.  Dak . . ..!.!!!.!!.!...!  1906 

Do 1907 

Do 1908 

Bellefourche,  S.  Dak , 1909 

North  Platte,  Nebr 1907 


Year. 


Do. 

Do 

Akron,  Colo 

Hays,  Kans 

Garden  City,  Kans. 

Dalhart,  Tex 

AmariUo,  Tex 

Do 


Average. 


1908 
1909 
1909 
1908 
1909 
1909 
1908 
1909 


No.  1. 

Wheat 

disked, 

osts 

faU 
plowed, 

com 

laU 
plowed. 


S20.43 

10.59 

19.32 

7.77 

7.89 

19.20 

13.59 

14.07 

8.64 

16.68 

8.07 

18.09 

6.93 

7.68 

8.55 

.90 

.00 

8.43 

3.00 


No.  2, 

Wheat 

spring 

plowed. 

oats 

spring 

plowed. 

com 

spring 

plowed . 


10.52 


$18.93 

15.75 

18.18 

8.91 

6.18 

19.11 

11.64 

12.48 

11.07 

12.75 

9.69 

11.07 

8.43 

5.49 

7.80 

.39 

.00 

7.02 

.00 


0.73 


No.  4. 

Oats 

disked. 

wheat 

fall 

plowed, 

com 

fall 

plowed. 


No,  5. 

Wheal 

on&l- 

low, 

oats 

faU 

plowed . 

fallow. 


No.  3. 
Wheat  I 

foU     I 
plowed . 

oats 

fall 
plowed. 

com 

fall 
plowed 


$18.  i5 

11.67 

18.75 

9.15 

5l07 

19.95 

14.16 

13.59 

8.91 

16.08 

9.18 

18.09 

5.40 

5.64 

6.03 

.00 

.00 

8.25 

5.34 


Station. 


Judith  Basin,  Mont. . 
Dickinson,  N.  Dak. . 

Do 

Edgeley,  N.  Dak 

Do 

Do 

Hlghmore,  S.  Dak. . . 

Do 

Do 

Bollefoiirrhe,  S.  Dak 


Year. 


1909 
1908 
1909 
1907 
1908 
1909 
1906 
1907 
1908 
1909 


No.  8. 

Oats  on 

fiUlow, 

wheat  fall 

plowed, 

ftkUow. 


No.  9. 
Oats 

spring 
plowed, 

wheat 

spring 

plowed. 

com 

spring 
plowed. 


Yield 
from  con- 
tinuous 
cropping. 


Average  of  a^ 

rotatkns  COB- 

pared  wtih 

oodUdooib 

croppiae- 


Gain, 


North  Platte,  Nobr '    1907 


Do, 

Do 

Akron.  Colo 

Hays,  Kans 

Garden  Cilv.  Kans. 

Dalhart,  Tex 

Amarillo,  Tex 

Do 


Average. 


1908 
1909 
1909 
1908 
1909 
1909 
1908 
1909 


$19.86 

$21.21 

$20.09 

18.27 

15.18 

15.01 

•22.41 

21.39 

20.07 

9.27 

i.r>8 

7.87 

6.27 

5.07 

6.63 

16.86 

17.61 

18,59 

25.02 

17.07 

16.37 

17.34 

14.23 

14.52 

13.98 

12.48 

10.78 

25.5(» 

18.66 

18.34 

12. 27 

10.02 

9.82 

27.45 

14.46 

17.19 

.00 

8.25 

6,44 

8.49 

5.25 

6,43 

8.64 

5.73 

7.07 

1.74 

.60 

.85 

3.00 

.00 

,33 

10.02 

6.75 

7.82 

7.68 

.00 

2.29 

$22.50 

14-52 

lCv77 

6.39 

5.07 

17.25 


13.37 


10.30 


a  10. 87 


13.59 

10.32 

14.64 

9.00 

10.32 

9.39 

6.33 

.39 

.30 

.00 

6.00 

.00 


12.  SB 

$0,49    . 

3-30 

1,48    . 

1-56    - 

1.34    - 

.93  1 

.46    . 

3-70    . 

,82 

6.87  1 

I 

3.96 

.10   . 

6.68 

.55 

.33 

1.83 

2,29 


*0.0j       6  1.52 


a  Average  of  19  crops. 


b  Average  of  18  crops. 
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i  XIX. —  Yield  of  barley,  in  bushels  per  acre,  in  two  S-year  rotations  compared  with 

<xmtimu)}i8  cropping. 


station. 

Year. 

1909 
1908 
1909 
1907 
1908 
1909 
1906 
1907 
1908 
1909 
1907 
1908 
1909 
1909 
1908 
1909 
1909 
1908 
1909 

No.  6. 

Barley 
disked, 
oats  fall 
plowed, 
com  fall 
plowed. 

No.  7. 
Com 

spring 
plowed, 

barley 

spring 

plowed, 

corn 

spring 
plowed. 

Average 
yield. 

Bushels. 
40.9 
40.0 
51.5 
14.5 
28.9 
32.9 
3.3.5 
26.6 
29.9 
37.6 
35.4 
23.6 
20.0 
23.6 
10.8 

5.4 
.0 

7.8 
.0 

Yield 
from  con- 
tinuous 
cropping. 

Bushels. 
45.2 
33.5 
39.8 
10.2 
25.0 
27.0 

Average  of  all 
rotations  com- 
pared with 
continuous 
cropping. 

Gain. 

Loss. 

1  "PfMiri.  Mont 

Bushels. 
42.7 
45.6 
53.8 
18.3 
31.9 
33.1 
37.7 
25.0 
30.0 
47.1 
30.6 
24.9 
21.5 
24.9 
12.3 

5.1 
.0 

7.5 
.0 

Bushels. 

39.1 

34.4 

49.2 

10.6 

26.0 

32.7 

29.2 

28.3 

29.9 

28.1 

40.2 

22.3 

18.5 

22.2 

9.2 

5.7 

.0 

8.1 

.0 

Bushels. 

Bushels. 
4.3 

luion .  N  w  Oak ,..,., 

6.5 
11.7 
4.3 
3.9 
5.9 

o.. 

ey ,  N .  I>ak 

o. 

•o.,.. 

nore.  8.  Dak 

>o-_ 

30.2 
29.8 
23.8 
39.0 
19.6 

3.6 

lo 

.1 
13.8 

Ibarche,  8.  Dak 

I  Platte.  Nebr 

3.6 

K) 

4.0 

)o 

n,  Colo 

19.7 
5.8 
2.4 

.0 
7.9 

.0 

3.9 

5.0 

3.0 

.0 

J,  KLans 

len  Citv.  Kan^ ,  , 

tart.  Tex 

jillo,  Tex 

.1 

[)o 

.0 

A  veirAcra.        ...         

25.9 

22.83 

24.4 

21.1 

3.0 

BLE  XX. — Farm  value  of  barley,  in  dollars  and  cents  per  acre,  in  two  S-year  rotations 

compared  with  continuous  cropping. 


station. 


idith  Basin,  Mont., 
kcklttson,  N.  Dak.. 

Do 

dgelcy,  N.  Dak.... 

Do 

Do 

Ighmore, S.  Dak... 

Do 

Do 

;ellefourche,  S.  Dak. 
Torth  Platte,  Nebr. . 

Do 

Do 

tkron,  Colo 

lays,  Kans 

lardenCity,  Kans.. 

Delhart,  Tex 

\marlllo,  Tfix 

Do 


Average. 


Year. 


1909 
1908 
1909 
1907 
1908 
1909 
1906 
1907 
1908 
1909 
1iK)7 
19.)8 
1909 
19')9 
,1908 
1909 
1909 
1908 
1909 


No.  6. 

Barley 
disked, 
oats  fall 
plowed, 
corn  fall 
plowed. 


$16.23 

17. 33 

20.44 

0.95 

12. 12 

12.58 

14.33 

9.50 

11.40 

17.90 

11.63 

9.46  i 

8.17 

9.  40 

4.67 

1.94 

.00 

2.8.5 

.00 

9.84 


No.  7. 

Oats 

spring 

plowed, 

barley 


plowed. 

com 

spring 

plowed. 


$14.86 

13. 07 

18.70 

4.03 

9.88 

12.  43 

11.10 

10.75 

11.30 

10.  tiS 

15.28 

8.47 

7.03 

S.44 

3.50 

2. 17 

.00 

3.08 

.00 

8.67 


Average 
yield. 


I 


-  I 


Value 
of  con- 
tinuous 
cropping, 


I 


$15.54 

15.20 

19.57 

5.49 

11.00 

12.51 

12. 71 

10.13 

11.38 

14.29 

13.45 

8.97 

7.60 

8. 95 

4.  OvV 

2.00 

.00 

2.9() 

.00 

9.26 


$17.17 

12. 73 

15.12 

3.88 

9.50 

10.26 


Average  of  all 
rotations  com- 
pared with 
continuous 
cropping. 


11.47  I 

11.32  ' 

9.04  ; 

14.  82 


8.02 


Gain. 


52.47 
4.45 
1.01 
i.50 
2.25 


.06 
5.25 


7.44 

1.53 

7.48 

2.20 

.91 

.00 

3.00 

1.47 

1.88 

1.15 

.00 

.00 

.66 

1.13 


Loss. 


$1.63 


1.34 
i.37 


.04 
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Table  XXI  is  a  summary  of  preceding  tables  and  ^ows  that  tint 
average  yields  obtained  from  all  rotations  were  considerably  hi^ier 
than  from  continuous  cropping  by  ordinaiy  methods. 

As  we  have  already  shown  that  neither  summer  tillage  and  alternate 
cropping  nor  continuous  cropping  with  moisture-conservation  meth- 
ods gave  as  good  net  results  as  continuous  cropping  by  ordinaiy 
methods,  we  will  continue  to  use  the  yields  obtained  by  ordinair 
metliods  as  a  basis  for  comparison.  Tliis  table  shows  that  the  aver- 
age yields  for  all  tests  of  all  rotations  were  better  than  the  continuoas 
cropping  yields  for  all  three  crops  of  wheat,  oats,  and  barley.  It  ibo 
shows  that  the  averages  of  all  tests  of  each  rotation  taken  separatelj 
were  better  for  all  crops,  with  one  exception,  than  continuous  crop- 
ping, the  one  exception  noted  being  wheat  in  rotation  No.  9,  where  it 
was  sown  on  spring-plowed  land  after  oats.  The  preceding  taUes 
show  these  same  facts  in  more  detail.  It  would  seem,  then,  that  our 
evidence  was  quite  conclusive  as  to  the  superiority  of  crop  rotatioQ 
over  any  of  the  other  methods  which  have  so  far  been  discu^ed. 

Table  XXI. — Summoary  of  foregoing  tables,  showing  average  yields  per  acre  andawerwft 

farm  values  per  acre, 

CONTINUOUS  CROPPING  AND  ALTERNATE  CROPPING  AND  SUIOCER  TILLAOE. 


Plat  and  cropping  method. 


C  or  D.  Summer  tillage  and  alternate  cropping  (1  crop 
in  2  years) 

B.  Continuous  cropping  by  moisture-conaervation 
methods 

A.  Continuous  cropping  by  ordinary  methods 


Wheat 


Buth. 
22.  S 

16.5 
17.4 


113.  fiO 

9.90 
10.44 


Oats. 


Bush, 

44.1 

30.5 
30.2 


S13.23 

9.15 
9.06 


Buak. 
30.7 

23.9 
21.1 


SLLff 
8.8 


ROTATIONS. 


Crop. 


)ushel8. 
lvalue... 
(bushels, 
lvalue... 

Barley f^^^"' 


Wheat. 
Oata... 


No.  1. 

No.  2. 

No.  3. 

No.  4. 

18.44 
$11.06 

38.46 
$11.54 

No.  5. 

No.  6. 

No.  7. 

20.87 

19.68 

$11.81 

32.44 

S9.73 

20.21 
S12. 13 

34.00 
$10.20 

23.85 
$14.31 

34.92 
$10.47 

112.52 

35.06 
S10.52 

34.78 

$10.43 

25.90 

$9.84 

37.50 

$11.25 

22.83 

$8.67 

........ 

Item  of  comparison. 


Wheat. 


Oats. 


Average  vield  and  value  per  acre  from  rotations. 


Avenige  "increase  in  yielcf  compared  with  continuous  , 
cropping  by  ordinary  methous 


No.  8.    Nal 


19.40 
$11.  M 

44.58 
$13.37 


$B.fii 

$ia» 


Barley. 


,  BuA. 
$10.80  I      24.4 


1.83 


3.3 


Lai 
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31CPABI80N  OF  THE  BELATIVE  FAJtM  VALX7E  OF  CROPS  OF  WHEAT, 
OATS,  AND  BABI^T  PBODTTCBD  BY  EACH  OF  THE  KINE  BOTA- 
TION8  AND  BY  CONTUnrOUS  CBOPPINa. 

THE   TABULAR   SUMMARY. 

In  Tables  XXII  and  XXIII  have  been  brought  leather  in  con- 
ensed  form  much  of  the  data  contained  in  the  foregoing  tables, 
'able  XXII  gives  the  farm  value  per  acre  for  wheat  and  oats  or 
arley  and  oats  for  each  rotation.  The  figures  given  in  the  respective 
olumns  of  Table  XXIII  for  each  rotation  were  obtained  by  subtract- 
ig  the  corresponding  figures  for  the  farm  values  of  each  test  of 
continuous  cropping,  as  given  in  Table  V,  from  the  farm  values  for 
ach  test  of  each  rotation  as  given  in  Table  XXII.  In  these  com- 
arisons  the  average  farm  value  per  acre  for  wheat  and  oats  has 
•een  used  for  rotations  Nos.  1,  2,  3,  4,  5,  8,  and  9,  and  for  barley  and 
ats  in  rotations  Nos.  6  and  7 — the  basis  of  valuation,  as  in  all  other 
ables,  being  60  cents  for  wheat,  30  cents  for  oats,  and  38  cents  for 
parley.  The  second  column  from  the  right-hand  side  of  the  table 
;ives  th«  loss  or  gain  in  dollars  per  acre  of  the  best  rotation,  except 
Jos.  5  and  8,  as  compared  with  continuous  cropping.  The  reason 
or  excepting  Nos.  5  and  8  is  that  they  are  both  fallow  rotations  and 
ITB  therefore  not  strictly  comparable  with  the  other  rotations  of 
ihis  series  where  a  crop  is  grown  every  year.  This  best  rotation  is 
printed  in  black-faced  type  so  as  to  be  readily  recognized  at  a  glance. 
.At  the  foot  of  each  column  is  given  the  average  for  all  tests  of  the 
respective  rotations.  Just  below  these  averages  are  given  their 
equivalents  in  bushels  per  acre  of  wheat,  oats,  and  barley.  It  must 
be  constantly  borne  in  mind  that  the  farm  values  are  all  based  upon 
wheat  at  60  cents,  oats  at  30  cents,  and  barley  at  38  cents.  These 
prices  are  at  least  50  per  cent  too  low  to  meet  present  price  conditions. 
In  order,  therefore,  to  meet  these  conditions,  all  the  farm  values 
expressed  in  dollars  and  cents  should  be  multiphed  by  1.5,  while 
bushels  per  acre  would,  of  course,  remain  the  same. 

We  find  from  consulting  the  figures  given  in  this  table  that  all  the 
rotations  except  No.  9  gave  better  average  results  for  all  the  tests 
than  continuous  cropping.  We  also  find  that  the  average  results 
for  all  rotations  in  each  test  were  better  than  continuous  cropping 
except  at  Judith  Basin,  Mont.,  1909;  North  Platte,  Nebr.,  1909;  and 
Amarillo,  Tex.,  1908. 

At  Judith  Basin  the  crops  were  all  grown  on  virgin  prairie,  broken 
in  1907  and  first  cropped  in  1908.  The  season  of  1909  was  especially 
favorable,  so  that  very  large  crops  were  raised  by  all  methods.  The 
slight  difference  in  favor  of  continuous  cropping  was  therefore  of 
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little  or  no  significance.  At  North  Platte  the  results  were  very 
slightly  in  favor  of  rotation  in  1907  and  very  markedly  so  in  190S. 
The  average  results  of  the  three  years  were  therefore  in  favor  of  rota- 
tion, so  the  results  of  1909  can  not  be  considered  of  great  significance. 
They  were  due  to  the  fact  that  a  severe  freeze  about  the  first  of  May, 
followed  by  high  winds,  injured  the  crops  on  those  fields  that  had 
had  the  best  tillage  and  had  consequently  produced  the  most  vigorous 
growth  more  than  it  did  those  on  the  poorer  tilled  fields  where  the 
growth  was  less  advanced.  This  is  not  an  infrequent  occurrence 
throughout  the  Great  Plains,  but  it  can  not  be  used  as  a  reason  for 
practicing  continuous  cropping  instead  of  crop  rotation.  The  crops 
at  Amarillo,  Tex.,  were  so  near  a  practical  failure  that  the  fact  that 
continuous  cropping  gave  slightly  better  results  can  not  be  considered 
of  great  significance.  It  may  therefore  be  safely  asserted  that  the 
net  results  of  all  the  tests  were  strongly  "in  favor  of  rotation.  The 
becomes  more  apparent  when  we  consider  that  the  best  rotation  in 
the  test  gave  better  results  than  continuous  cropping  in  all  except 
three  instances,  and  the  average  results  showed  a  difference  in  favor 
of  rotation  amounting  to  $2.38  per  acre;  or  calculated  in  bushels  of 
wheat,  oats,  and  barley,  3.91,  7.93,  and  6.26  bushels  per  acre, 
respectively. 

At  first  sight  it  might  appear  that  there  was  Httle  uniformity  in 
the  rotation  giving  the  best  average  results  in  all  the  tests  or  in  the 
ones  giving  the  best  results  at  any  given  station  where  two  or  more 
years'  results  have  been  obtained.  A  more  careful  consideratiop 
will  show,  however,  that  some  general  uniformity  in  results  is  indi- 
cated. In  just  half  the  tests  either  rotations  Nos.  1  or  6  gave  the 
best  results.  These  two  rotations  are  identical  except  that  in  No.  1 
wheat  was  sown  on  disked  corn  stubble  and  in  No.  6  barley  was  sub- 
stituted  for  the  wheat.  The  other  barley  rotation,  No.  7,  gave  the 
best  results  in  three  tests.  Nos.  3  and  4  gave  the  best  results  in  two 
tests  each,  while  No.  2  gave  the  best  results  in  only  one  test, 

Kotation  No.  9  failed  to  give  the  best  results  in  any  test.  This 
fact  is  very  significant,  as  it  brings  to  notice  an  important  feature  of 
crop  rotation.  This  is,  that  one  sequence  may  give  the  best  results 
at  a  station  when  the  plowing  is  done  at  one  time  of  year,  while  the 
op])osite  sequence  gives  the  best  results  when  the  plowing  is  done  at 
another  time.  It  seems  that  the  oats-wheat-com  sequence  makes  a 
bad  combination  with  spring  plowing  at  all  the  stations.  It  seems 
likely  that  further  investigation  will  show  that  there  are  other  com- 
binations which  are  to  be  avoided. 
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Wlien  we  come  to  a  consideration  of  the  rotation  which  has  given 
le  best  results  at  those  stations  where  two  or  more  tests  have  been 
lade,  we  find  less  difficulty  in  reconciling  the  seeming  diversity  of 
esTilts. 

At  Dickinson,  N.  Dak.,  rotation  No.  1  gave  the  best  results  in  1908 
nd  No.  2  in  1909.  A  change  of  60  cents  in  the  relative  farm  values 
►er  acre  in  1909  would  have  made  No.  2  the  best  both  years.  It  is 
[uite  probable  that  a  rotation  of  wheat  on  disked  com  stubble,  oats 
m  spring  plowing,  and  corn  on  spring  plowing  would  give  better 
"esults  than  either  No.  1  or  No.  2  at  this  station. 

At  Edgeley,  N-  Dak.,  rotation  No.  1  gave  the  best  results  in  1907 
md  1908,  while  in  1909  No.  3  was  best.  The  difference  between  No. 
L  and  No.  3  in  1909  was,  however,  only  23  cents  per  acre.  These 
two  rotations  differ  onlv  in  that  in  No.  1  the  com  stubble  is  disked 
iuid  in  No.  3  it  is  plowed.  It  may  therefore  be  inferred  that  No.  1 
will  give  the  best  average  results  at  this  station. 

At  Highmore,  S.  Dak.,  rotation  No.  6  gave  the  best  results  one 
year  and  No.  7  the  next.  These  are  both  barley  rotations.  It  may 
therefore  be  inferred  that  barley  is  a  profitable  crop  there,  and  that 
neither  the  sequence  nor  the  time  of  plowing  is  of  great  importance 
in  a  3-year  rotation  of  com,  oats,  and  barley. 

At  North  Platte,  Nebr.,  a  different  rotation  gave  the  best  results 
in  each  of  the  three  tests.  The  results  in  the  1909  tests  were  so  affected 
by  adverse  weather  conditions  in  May  as  to  have  little  significance. 
In  1907  No.  4  and  in  1908  No.  1  gave  the  best  results.  These  two 
rotations  differ  only  in  sequence.  In  both  No.  1  and  No.  4  grain  was 
sown  on  disked  com  stubble,  and  the  com  and  other  small-grain 
crop  were  on  fall  plowing.  It  would  therefore  seem  that  at  tliis  sta- 
tion disked  com  stubble  for  one  of  the  small-grain  crops  and  fall 
plowing  for  com  and  other  small-grain  crops  are  the  best  methods 
of  preparation  and  that  sequence  is  of  relatively  small  importance. 

At  Amarillo  the  crops  all  suffered  so  severely  from  drought  in  1909 
that  the  discrepancies  in  the  results  of  the  two  years  are  not  sig- 
nificant. 

Comparisons  of  the  several  rotations  will  be  made  in  discussing  the 
tables  which  follow. 
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44       CULTIVATION  METHODS  AND  ROTATIONS  FOR  GREAT  PIAINS. 
Table  XXII . — Average  form  value,  in  dollars  and  cents ,  per  acre,  of  nine  3-ffear  ntatkmt. 


SUtion. 


Judith  Basin,  Mont.. 
Dickinson,  N.  Dak. . 

Do 

Edmlex,  N.  Dak 

Do'/.'.'.V.'.'.'.'.'.'.y. 
Highmore,  S.  Dak. . . 

Do 

Do 

Bellefourche,  S.  Dak. 
North  Platte,  Nebr. . 

Do 

Do 

Akron,  Colo 

Hays,  Kans 

Garden  City,  Kans. . 

Daihart,  Tex 

Amarillo,  Tex 

Do 


Year. 


Average. 


1909 
1908 
1909 
1907 
1908 
1909 
1906 
1907 
1908 
1909 
1907 
1908 
1909 
1909 
1908 
1909 
1909 
1908 
1909 


No.  1. 

Wheat 
disked, 
oats  foil 
plowed, 
com  foil 
plowed. 


120.66 
16.03 
21.60 
8.90 
11.14 
19.50 
14.81 
13.48 
11 
17 


No.  2. 

Wheat 

spring 

plowed, 

oats 

spring 

piowed, 

com 

spring 
plowed. 


61 
16 


10.73 

17.62 

9.98 

11.34 

5.39 

.75 

.00 

6.71 

1.50 


$19.40 

18.37 

21.00 

8.42 

7.83 

19.33 

14.01 

14.94 

13.10 

13.55 

11.96 

12.73 

9.37 

8.99 

4.35 

1.39 

.00 

5.91 

.00 


11.52 


10.77 


No.  3. 

Wheat 

foU 
plowed, 
oats  foil 
plowed, 
corn  tail 
plowed. 


$18.53 

16.33 

20.57 

8.35 

8.78 

19.72 

14.73 

14.96 

12.16 

17.01 

10.80 

17.36 

10.04 

8.58 

4.19 

.66 

.00 

6.67 

2.67 


No.  4. 

Wheat 
on  fallow. 

wheat 

foU 
plowed, 
com  foil 
plowed. 


$21.11 

15.72 

21.17 

7.47 

8.22 

18.10 

16.74 

15.96 

11.88 

20.16 

13.35 

17.54 

8.41 

6.38 

4.41 

.70 

.00 

7.38 

.00 


11.16 


11.30 


No.  5. 

Wheat 

OBfoUow 

oatsfoU 

plowed. 

foUow. 


Ne-i 

Barter 

oatsfd 
coraUl 


$21.47 

1&.S1 
20.88 
7. 66 
10.86 
18.50 
16.50 
18.24 
12.87 
17,16 
13.48 

ao.87 

11.08 
7.96 
4.65 
2.48 
2.31 
8.61 
5.14 


sun 

U.17 
S.9 
&S 
&fi 
1&8 
U.]l 

an 

11.14 

l&V 

IS 

!!•< 

7.11 

7.S 

'M 

l.tf 

.• 

ill 


12.; 


10.14 


station. 


Judith  Basin,  Mont. 
Dickinson,  N.  Dak. . 

Do 

Edgeley,  N.  Dak.... 

Do 

Do 

Highraore,  S.  Dak. . . 

Do 

Do 

Bellefourche,  S.  Dak. 
North  Platte,  Nebr. . 

Do 

Do 

Akron,  Colo 

Hays,  Kans 

Garden  Citv.  Kans. . 

Dal  hart,  Tex 

Amarillo,  Tex 

Do 


.\vera)u:e . 


Year. 


1909 
1908 
1909 
1907 
1908 
1909 
1906 
1907 
1908 
1909 
1907 
1908 
1909 
1909 
1908 
1909 
1909 
1908 
1909 


No.  7. 
Oats 

spring 
plowed, 

oariey 

spring 

plowed, 

com 

spring 
plowed. 


$18.53 

15.67 

19.89 

5.74 

8.65 

15.35 

14.17 

11.95 

11.  (i8 

14.16 

12.99 

13.28 

8.78 

8.06 

4.03 

1.65 

.00 

4.73 

.00 


No.  8. 

Oats  on 

follow, 

wheat 

fall 
plowed, 
fallow. 


$22.02 

15.29 

21.70 

7.19 

6.22 

16.41 

20.01 

18.48 

15.24 

22.74 

14.63 

23.11 

5.04 

7.52 

5.58 

2.01 

1.50 

9.12 

3.84 


No.  9. 

Oats 

sprins; 
plowed, 

wheat 

Average 

spring 
plowed. 

yield. 

com 

spring 
plowed. 

GaiBor 

loss  of 

roUtian 

tinuous  ;^S?S! 
«row>to«  1  tteuous 
eropj*^ 


Yield 
fromcao 


9.97 


12.51 


$20.06 

13.20 

19.90 

2.10 

6.50 

16.54 

16.25 

14.48 

13.50 

17.16 

11.25 

12.48 

9.13 

6.92 

3.52 

1.10 

.00 

4.96 

.00 


9.95 


$19.84 

15.75 

20.60 

7.13 

8.53 

17.64 

15.83 

14.96 

12.58 

17.64 

11.94 

16.34 

8.76 

8.18 

4.86 

1.35 

.42 

6.68 

1.46 


011.08 


$30.91 

14.34 

16.32 

4.59 

«.70 

16.36 


-$1.«? 
L41 
4.V 
lit 
L8 

La 


14.79 

12.55 

13.88 

11.86 

11.29 

11.10 

7.34 

.72 

.74 

.00 

7.30 

.00 


»9.49 


.« 

3.« 
.« 

IS 

.84 
il4 
.61 
.4} 
.fl 
1.46 


1.35 
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a  .\verage  of  19  crops. 


^  Average  of  18  crops. 
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45 


1^1 


IXXIII. — Gain  or  loss  of  each  rotation  for  each  test  as  compared  with  continuous 

cropping  by  ordinary  methods. 

sign  indicates  gain  in  fovor  of  rotation  and  the  minus  sign  loss— in  tennsof  dollars  and  cents 
for  wheat  and  oats  or  barley  and  oats  in  each  rotation.  The  best  rotation,  excepting  Noe.  5 
icb  of  which  has  one  follow  year  and  is  therefore  not  strictly  comparable  with  the  others,  is 
in  black-faced  type.] 


Station. 


t}\  SasIn,Mont. 
cinaon,  N.  Dak. 


No.  1. 

Wheat 
disked, 
oats  fall 
plowed, 
com  fall 
plowed. 


Bley,N.  I>ak. 


tun  ore,  S.  Dak. 


lefourche,  S.  Dak. 
til  :FIatte,  Nebr. . 


I>o 

fcm.  Colo 

fSy  Kans 

xien  City,  Kans. 

lftart,Tex 

larUlOfTex 

I>o 


Average. 


ual  to  wheat  at  SOcents — bu . 

osd  to  oats  at  30  cents do. 

^ual  to  barley  at  38  cents ...  do. 


-10.54 
+  1.49 
+  5.18 
4.47 
4.«2 


+ 
+ 
+ 


2.38 


-  1.95 


44 
70 
12 


-  1. 
+  2. 

-  1. 
+  5.65 

-  I.fi2 

4.83 

.03 

.00 

1.39 

1.50 


+ 
+ 

+ 


+ 


No.2. 

Wheat 

spring 

plowed, 

oats 

spring 

plowed, 

com 

spring 
plowed. 

-$1.80 
+  8.82 
+  4.58 
+  4.00 
+  1.31 
+  2.22 

-  .49 
+     .05 

-  .91 
.11 

70 
22 
54 
80 
61 
00 
19 
00 


+ 

+ 

+ 
+ 
+ 
+ 
-  2 


+  1.69 


,84 


2.65 
5.30 
4.19 


1.40 
2.80 
2. 21 


No.  3. 

Wheat 

fall 
plowed, 
oats  fall 
plowed, 
com  fall 
plowed. 

No.  4, 
oats 
disked, 
wheat  fall 
plowed, 
com  fall 
plowed. 

-12.67 

-90.09 

+  1.78 

+  1.17 

+  4.15 

+  4.75 

+  3.93 

+  3.05 

+  2.26 

+  1.70 

+  2.61 

+     .99 

-     .47 

+     .53 

-     .89 

-  1.17 

+  2.55 

+  5.70 

-  1.05 

+  1.60 

+  6.39 

+  5.57 

-  1.55 

-  3.18 

+  1.13 

-  1.07 

+  3.64 

+  .3.86 

-     .12 

-     .08 

+     .00 

+     .00 

-  1.43 

-     .72 

+  2.67 

+     .00 

+  1.22 

+  1.25 

2.03 

2.08 

4.06 

4.16 

3.21 

3.29 

No.  6. 
Wheat 
fallow, 
oats  fall 
plowed, 
fallow. 


+W.27 
+  1.26 
4.46 
3.21 
4.34 
1.39 
2.81 
.18 
2.70 
.63 
8.90 
-  .57 
+  .51 
+  4.10 


+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 


+ 
+ 
+ 
+ 


1.70 

2.31 

.51 

5.14 


No.  6.  . 

Barley 
disked, 
oats  fall 
plowed, 
com  fall 
plowed. 


-93.09 
+  1.75 
3.56 
3.22 
1.17 
1.49 
.87 
.32 
6.95 
2.63 
3.21 
-  2.35 
+  .94 
+  6.87 


+ 
+ 
+ 
+ 

+ 
+ 

+ 


+  2.41 


4.00 
8.00 
6.35 


+ 
+ 


.84 
.00 


+  1.62 

+     .00 


+  1.32 


2.20 
4.40 
3.47 


Station. 


idith  Basin.  Mont. . 
•iclcliison,N.  Dak.. 

l>o 

4^1ey,N.  Dak 

J>o'.\'.'.'!'.y.'.'."'. 
[tghmore,  S.  Dak... 

Do 

tellefouTche,  8.  Dak. 
lorth  Platte,  Nebr.. 

Do 

Do 

kkron.Colo 

laySyKans 

harden  City,  Kans. . 

Dalliart,  Tex , 

kmarillo,  Tex 

Do 


Year. 


1909 
1908 
1909 
1907 
1908 
1909 
1907 
1906 
1909 
1907 
1908 
1900 
1909 
1908 
1909 
1909 
1906 
1909 


Average. 


No.  7. 
Oats  spring 
plowed ,    j 
barley 
spring     I 
plowed,     I 
com  spring 
plowed.    I 


No.  8. 
Oats  fal- 
low, wheat 
fall  plowed, 
fallow. 


-91.35 


2.05 
3.95 
61 
+  1.37 
+  1.60 

-  .58 
•8o 

2.32 
1.08 
4.40 

-  .62 
+  1.15 
+  2.74 
+  1.05 
+  .00 
+  .23 
+     .00 


+ 
+ 
+ 


+ 
+ 
+ 
+ 


No.  9. 

Oats  spring 

plowed, 

wheat 

spring 

plowed, 

corn  spring 

plowed. 


Bqml  to  wheat  at  60  cents — bu . 

Kqual  to  oats  at  30  cents do. 

Equal  to  barley  at  38  cents do. 


+  1.16 


+90.82 
+  .74 
+  5.28 
+  2.77 

-  .30 

-  .70 
3.05 
2.19 
8.28 

+  2.78 
+  11.14 

-  6.55 
.07 

5.03 


+ 
+ 
+ 


+ 
+ 


+  1.23 
+  1.50 
+  1.02 
+  3.84 


+  2.34 


12 
35 
4X 
32 
.07 
.57 
.95 
.45 
+  2.70 
-     .60 


-91. 

-  1. 
+  3. 

-  2. 

+     . 


+ 


+ 

-  2 

+  2 

+ 
+ 

-  3 

+ 


51 
46 
53 
97 
32 
00 
14 
.00 


-     .14 


Average 
gain  or  loss 
of  all  rota- 
tions com- 
pared with 
continuous 
cropping. 


-91.  «> 
+  1.41 
+  4.36 
+  2.55 
+  1.84 
1.27 
.17 
.02 


+ 
+ 
+ 


+  3.66 


+ 
+ 

+ 
+ 
+ 
+ 

+ 


.08 

6.0(1 

2.35 

.85 

4.15 

.61 

.42 

.61 

1.46 


+  1.35 


Difference 
in  favor  of 
the  best  ro- 
tation ex- 
cept Nos.  5 
and  8  com- 
pared with 
continuous 
cropping. 

-90.09 
+  3.82 
+  5.18 
+  4.47 
+  4.62 
+  2.61 

-  .37 
+  .86 
+  6.95 
+  1.50 
+  5.65 

-  .62 
+  3.88 
+  6.37 
+  1.05 
+  .00 
+  1.62 
+  2.67 


+  2.79 


1.93 
3.87 
3.06 


3.89 
7.80 
6.16 


-0.23 

-  1.4<i 

-  1.37 


2.25 
4.50 
3.55 


4.65 
9.30 
7.34 


BISKSD  COBN   STUBBLE   BETTEB  THAN   SUMMER   TILLAGE   FOR   SPRING 

WHEAT  AND   OATS. 

Table  XXIV  gives  a  comparison  between  the  effects  of  summer 
tillage  and  disked  corn  stubble  as  a  preparation  for  wheat  and  oats, 
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46       CULTIVATION  METHODS  AND  ROTATIONS  FOB  GREAT  PLAINS. 

Rotation  No.  1 — corn  on  fall  plowing,  wheat  on  disked  com  stubUe, 
oats  on  fall  plowing — is  identical  with  No.  4  except  that  the  sequeoa 
of  the  wheat  and  oats  has  been  changed.  Rotation  No.  5 — summer 
tillage,  wheat  on  summer-tilled  land,  oats  on  fall  plowing — is  identieii 
with  No.  8,  except  that  the  sequence  of  the  wheat  and  oats  has  been 
changed.  We  have  therefore  two  pairs  of  rotations,  1  and  4  and  5  and 
8.  In  both  rotations  of  the  first  pair  (1  and  4)  corn  is  raised.  In  one 
of  them  (1)  wheat  is  sown  on  the  disked  com  stubble.  In  the  otto 
(4)  the  oats  are  sown  on  the  disked  com  stubble.  In  the  second  pair  (5 
and  8)  the  land  is  summer  tilled  instead  of  being  planted  to  com.  In 
one  of  these  (5)  wheat  is  sown  on  the  summer-tilled  land.  In  the 
other  (8)  oats  are  sown  on  the  summer- tilled  land. 

A  comparison  of  the  average  farm  value  per  acre  of  these  two  paiis 
of  rotations  will  give  the  relative  merits  of  disked  corn  stubble  and 
summer  tillage  as  a  preparation  for  both  wheat  and  oats. 

In  the  column  headed  ^'No.  1 "  is  given  the  average  farm  value  per 
acre  of  the  two  grain  crops,  wheat  and  oats,  for  each  test.  TtesB 
values  are  calculated  at  60  cents  per  bushel  for  wheat  and  30  cents  per 
bushel  for  oats  for  rotation  No.  1.  In  the  column  headed  "No.  4'* 
are  given  the  same  data  for  rotation  No.  4.  In  the  next  column  to 
the  right  are  given  the  average  farm  values  per  acre  of  the  wheat  and 
oats  in  the  two  com  rotations  (1  and  4).  In  the  columns  headed 
' '  No.  5 ' '  and  * '  No.  8 ' '  are  given  the  same  data  for  rotations  Nos.  5  and 
8,  respectively.  In  the  next  column  are  given  the  average  farm  val- 
ues per  acre  of  the  wheat  and  oats  in  the  two  summer-tilled  rotations 
(5  and  8).  In  tlie  next  two  columns  are  given  the  differences  in  farm 
value  per  acre  between  the  average  of  the  two  pairs  1  and  4  and  5  and 
8,  which  represent  the  gain  in  favor  of  summer  tillage  or  disked  com 
stubble,  as  the  case  may  be,  for  each  test.  In  these  comparisons  the 
value  of  the  corn  crop  is  not  included,  the  oat  and  wheat  crops  alone 
being  considered.  It  is  found  that  in  twelve  tests  the  summer-tilled 
rotations  gave  better  average  farm  values  per  acre  for  the  two  grain 
crops  than  did  the  corn  rotations,  while  in  seven  tests  the  corn  rota- 
tions gave  better  average  farm  values  for  wheat  and  oats  than  the 
summer-tilled  rotations,  the  average  farm  value  per  acre  in  favor  of 
summer  tillage  being  only  $1.04  per  acre  and  the  greatest  gain  d 
summer  tillage  over  disked  corn  stubble  being  only  $4.41  per  acre. 

The  cost  of  the  summer  tillage  was  fully  equal  to,  if  not  more  than, 
the  cost  of  raising  the  corps  of  com.  Therefore,  the  total  value  of 
the  crops  of  corn  raised  should  be  credited  to  the  corn  rotations. 
Although  the  yields  from  the  corn  plats,  as  previously  explained,  were 
much  less  satisfactory  than  those  from  the  small  grain  plats,  we  hare 
given  them  in  this  instance.  In  four  tests,  Judith  Basin,  Mont., 
Dickinson,  N.  Dak.,  1908,  and  Edgeley,  N.  Dak.,  1907  and  1908,  the 
corn  (lid  not  mature  on  account  of  the  variety  used  not  being  early 
enough.     In  two  other  tests.  Garden  City,  Kans.,  and  Dalhart,  Tex., 
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o  grain  was  produced  on  account  of  severe  drought.     In  these 
5&^'t^  the  yields  of  the  fodder  alone  have  been  given.     At  High- 
o  record  was  kept  of  the  fodder,  so  only  the  grain  yields  are 
The  record  is  therefore  incomplete  and  unsatisfactory,  but 
fficient  to  show  the  superiority  of  the  com  rotations  over  the 
-tilled  rotations. 

1.^  value  of  the  fodder  was  calculated  at  $3  per  ton.  It  is  possible 
"trills  is  too  high  for  some  localities  where  wild  hay  could  be  ob- 
^d  for  the  cost  of  cutting,  stacking,  and  hauling;  on  the  other 
1  it  was  probably  too  low  where  hay  was  scarce  and  high  on  ac- 
1.^  of  drought.  The  average  farm  value  of  hay  for  ten  years  in 
four  States  of  North  Dakota,  South  Dakota,  Nebraska,  and 
L^^is  has  been  $4.78  per  ton.  On  this  basis  corn  fodder  would  be 
t.l:i  at  least  $3.  The  average  farm  value  per  acre  of  the  grain 
of  the  corn  crop  at  the  twelve  stations  where  the  corn  matured 
SIO  per  acre,  calculated  at  39  cents  per  bushel.  The  average 
value  per  acre  of  fodder  in  the  sixteen  tests  where  a  record  was 
^-fc  was  $4.67.  At  three  of  the  tests  where  corn  failed  to  mature,  the 
3»t  and  oats  gave  better  yields  on  tlie  corn  stubble  than  on  the 
cumer  tillage.  This  leaves  only  three  tests — ^Judith  Basin,  Mont., 
rden  City,  Kans.,  and  Dalhart,  Tex. — where  the  gain  was  not  in 
or  of  the  com  rotations.  At  Garden  City,  Kans.,  and  Dalhart, 
k:.,  the  entire  crops  of  wheat,  oats,  and  corn  were  a  practical  failure 
?ri  on  the  summer-tilled  land,  so  these  tests  may  be  discarded  as 
lecisive.  The  balance  would  therefore  be  in  favor  of  the  corn 
Nations  in  all  the  decisive  tests,  except  Judith  Basin,  if  no  value 
latever  were  placed  upon  the  corn  fodder.  A  valuation  of  even 
cents  per  ton  for  the  fodder  would  turn  the  balance  in  favor  of  the 
m  rotation  at  Judith  Basin. 

In  the  final  right-hand  column  of  the  table  are  given  the  net  average 
tins  per  acre  of  the  corn  rotations  over  the  summer-tilled  rotations, 
eluding  both  the  grain  and  fodder  of  the  corn  crop.  These  figures 
ere  obtained  by  adding  half  the  average  value  of  the  corn  crops 
>  the  average  value  of  the  wheat  and  oats  in  the  corn  rotations  and 
ibtracting  the  average  value  of  the  wheat  and  oat  crops  in  the 
junmer-tiUed  rotations.* 

a  The  reason  for  adding  one-half  instead  of  the  whole  of  the  average  farm  value  per 
ere  of  the  two  com  crops  to  the  average  farm  value  per  acre  of  the  two  wheat  and  two 
at  crops  in  the  com  rotations  (I  and  4)  is  aa  follows:  There  are  twice  as  many  acres 
.f  wheat  and  oats,  taken  together,  as  there  are  either  of  com  or  of  summer-tilled  land, 
espectively,  in  each  of  the  two  pairs  of  rotations.  One-half  of  the  average  farm  value 
il  the  two  com  crops  should  therefore  he  added  to  each  of  the  average  farm  values  of 
he  two  wheat  and  the  two  oat  crops  in  the  two  corn  rotations  (1  and  4),  and  their 
nun  should  be  divided  by  two  in  order  to  make  the  net  average  farm  value  per  acre 
3f  the  two  com  rotations  comparable  to  that  of  the  two  summer-tilled  rotations  (5  and 
B).  The  same  end  is  accomplished  by  adding  one-half  the  average  farm  value  of  the 
two  com  crops  to  the  average  farm  value  of  the  two  wheat  and  two  oat  crops  in  the 
com  rotations,  as  is  done  in  the  table. 
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The  results  of  these  tests  tend  very  strongly  toward  the  cojic]mi 
that  a  com  crop  is  a  better  preparation  for  spring  wheat  or  oats  tk^ 
summer  tillage  under  a  wide  range  of  soil  and  climatic  canditioiu  ii 
the  Qreat  Plains. 


Table  XXIV. — Disked  com  stubble  compared  with  summer  tillage  as  a  pnparatkmft 

crops  of  wheat  and  oats. 


Station. 


y«ar. 


JiidittiBaBbi,  Mont.. 
Dlcklnsoii,  N .  pak . . 

Pq 

Edgeley,  N.  Dak 

Do 

Do 

ntgbxnoire,  S.  Pak. . . 

Do 

Do 

BeUefourche,  S.  Dak- 
North  Pkitt«,  Nebr. . 

Do 

Do 

AkroQ.Colo 

Hays,  Kans 

Garden  City,  Kana. . 

Dalhart,  Tex 

AxoarlUo,  Tex 

Do 


Average. 


190D 
1906 
19061 
1907 
1906 
1909 
1908 
1907 
1908 

1907 
1908 
1909 
1908 
1908 
1908 
1909 
1908 
1908 


Avereca  valuB  per  acia  of  wheat  and  oaU. 


Gainl9 


Rota- 
tion 
No.  1. 


t!»L86 
16.03 
21.60 

8.90 
11.  U 
19.50 
14.81 
13.48 
11.61 
^7.16 
10.73 
17.(0 

9.96 
U.34 

&39 
.75 


6u71 
1.50 


11.52 


Rota- 
tion 
Xo.  4. 


121.11 

1&.72 

21.17 

7.47 

8.^ 

18.10 

16.74 

15w9B 

11.88 

20.16 

13.35 

17.54 

8.41 

6.38 

4.41 

.70 


Rotar 

tiOttS 

Noa.  1 
and  4. 


820.88 

15.87 

21.38 

8.18 

9.68 

18.80 

15.77 

14.72 

11.75 

18.66 

12.04 

17.58 

9.19 

8.86 

4.90 

.73 


7.  as 


11.30 


7.04 
.75 


11.41 


Rota- 
tion 
No.  6. 


S21.47 

15.81 

2a  88 

7.66 

10.86 

18.50 

16.50 

18.24 

12.87 

17.16 

12.48 

2QL87 

11.02 

7.96 

4.65 

2.48 

2.31 

8.61 

5.14 


Rota- 
tion 

No.  a 


12.39 


02 

1&28 

21.78 

7.19 

6.22 

1&41 

20.01 

18.48 

15.24 

22.74 

14.63 

23.11 

5.04 

7,52 

5.58 

2.01 

1.50 

8.12 

3.84 


12.51 


Rota- 

tioos 

Noa.« 

and  8. 


til- 


S21.75 
15.55 
21. » 
7.42 
8.54 
17.46 
18.26 
18.36 
14.06 

laoa 

13.55 
21.90 
8.08 
7.74 
512 
2.34 
1.91 

aa6 

4.49 


3.49 
^61 

2.39 
1.28 
1.51 
4.41 


.22 

i.aa 

1.91 

1.8? 
i-74 


u 
u 


L 

I. 


12.45 


1.04 


Returns  from  com  crop. 


fltatk>n. 


Year. 


Fodder. 


Judith  Basin.  Mont.. 
Dickinson,  N.  Dak.. 

Do 

Edgeley,  N.  Dak.... 

Do 

Do 

Ulghmore,  S.  DAk . . . 

Do 

Do 

Bellefourche,  S.  Dak. 
North  Platte,  Nebr.. 

Do 

Do 

Akron,  Colo 

Hay.s,  Kans 

Garden  Cilv,  Kans.. 

Dalhart,  Tex 

Amarillo,  Tex 

Do 


Total... 
Average . 


1909 
1908 
1908 
1907 
1906 
1909 
1906 
1907 
1908 
1909 
1907 
1908 
1909 
1909 
1906 
1909 
1909 
1908 
1909 


811.47 
3.13 
2.97 
4.33 
3.48 
4.38 


5.26 
7.01 
511 
3.78 
4.03 
7.86 
3.97 
1.31 
4.57 
2.13 


Grain. 


TotaL 


$18.84 


11.82 
14.95 
9.13 
a36 
7.69 
7.23 
10.27 

iai9 

a73 
527 


6.37 


74.79 


119.85 


811.47 

3.13 

21.  SI 

4.33 

3.48 

16.20 

14.95 

9.13 

a36 

12.95 

14.24 

1538 

13.97 

13.76 

13.13 

3.97 

1.31 

ia»4 

2.13 


Sftpk 

TOtaSas 


194.64 
10l24 


41 

.1 

LI 

51 
&i 

Li 

8.! 
&( 

.< 
-14 


4( 
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NC3^ 


OOIIN   STUBBLE   GIVES   BETTER  RESULTS  THAN  PLOWING  FOR 
SPRING   WHEAT   WHICH   IS   TO   FOLLOW. 


TTa-fcle  XXV  a  comparison  has  been  made  between  the  average 
^v'fifc.lues  of  rotations  Nos.  1  and  3.  These  two  rotations  are 
IoslI,  except  that  in  No.  1  the  com  stubble  was  disked  and  in  No ,3 
LS  -fall  plowed.  In  eleven  tests,  the  disking,  and  in  seven  tests, 
>lo'wng,  gave  best  results.  The  average  was  36  cents  per  acre 
of  disking.  In  none  of  the  tests  was  the  gain  in  favor  of 
sufficient  to  more  than  pay  for  the  extra  labor,  and  in  four 
ats  insignificant.  On  the  other  hand,  the  gain  from  disking  was, 
t^sts,  enough,  together  with  the  less  cost  of  disking,  to  make  the 
decidedly  the  better  practice.  It  may  therefore  be  con- 
ned that  these  investigations  indicate  that  disking  is  the  better 
rtice  at  all  the  stations. 


T^kBifE  XXV. — Diskii^g  compared  with  flowing  cam  stuhbU/or  spring  wheat. 


Station. 


til  Basin,  Moat i    igo» 

1906 


ix&son,  n'.  Dak. 

Oo 

ribey,  N.  Dak. 
K»o 


iiZEKore, S.  Dak... 

Do 

Do 

efourche,  S.  Dak. 
Cii  Platte,  Nebr. . 

Do 

Do 

,CoIo 


fB,  Kans. 
!itfeii  City,  Kans. 

IHart^Tex 

tarillo,  Tex 

Do 

Average 


1909 
1907 
1906 
1909 
1906 
1907 
1906 
1909 
1907 
1908 
1909 
1909 
1908 
1909 
1908 
1908 
190» 


Average  valne  per  acre 
of  wheat  ana  oats. 


Rotation 
No.  1, 
disked. 


16.03 
21.60 
8.90 
11. 14 
19.50 
14.81 
13.48 
11.61 
17.16 
10.73 
17.62 

11.34 

5.39 

.75 

"6.'7i" 
1.50 

11.52 


Rotation 

No.  3. 

plowed. 


918. 58 

16.33 

20.67 

8.35 

8.78 

19.72 

14.73 

14.96 

12.16 

17.01 

10.80 

17.36 

10.04 

8.58 

4.19 

.66 

"6.'67" 
2.67 

U.16 


Gain  in 
favor  of 
disking. 


S2.13 


1.03 

.55 

2.36 


.08 


15 


.26 


2.76 

1.20 

.09 

.04 


36 


Gain  in 
favor  of 
plowiDg. 


to.  30 


.22 


1.48 
.55 


.07 
.06 


1.17 
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THE  BELATIVE  MEBITS  OF  FALL  AND  SPBINO  PLOWINQ  DEPEND  UFd 

LOCAL   CONDITIONS   OF   SOIL   AND   CLIMATE. 

In  Tables  XXVI  and  XXVII  comparisons  have  been  made  betwtf 
fall-plowed  and  spring-plowed  rotations.  In  Table  XXVI  four  III 
plowed  and  three  spring-plowed  rotations  have  been  used,  while  i 
Table  XXVII  only  two  rotations  have  been  used.  The  results  of  ^ 
two  tables  do  not  agree.  The  first  table  is  probably  the  less  traj 
worthy  of  the  two,  as  it  introduces  several  other  factors,  wM 
undoubtedly  obscure  the  results  of  the  time  of  plowing.  The  tt 
rotations  presented  in  Table  XXVII  are  strictly  comparable,  as  tki 
differ  only  in  this  one  factor.  Neither  of  these  tables  gives  read 
that  are  at  all  decisive.  The  only  conclusions  that  can  be  drai 
are:  That  the  natural  character  of  the  soil,  its  physical  conditioa- 
the  time  of  plowing,  the  holding  of  snow  by  stubble  during  i 
winter,  the  liability  to  blowing  during  the  winter,  and  the  kind 
crop  to  be  grown  must  all  be  considered.  It  would  seem  from  thi 
results  that,  until  further  evidence  is  secured,  the  farmer  should  i 
his  plowing  at  the  time  that  the  soil  is  in  best  condition  for  plowi 
and  when  he  can  use  his  teams  and  men  to  the  best  advantage,  t 
depth  of  plowing  and  the  amount  of  harrowing  after  plowing  mi 
also  be  determined  bv  local  and  seasonal  conditions. 

Table  XXVI. — Spring  plowing  compared  with  fall  plowing. 


station. 


Year. 


Fall-plowed  rotations. 


Judith  Basin,  Mont '  1909 


Dickinson,  N.  Dak. 

Do 

Edgcley,  N.  Dak. 

Do 

Do 


1908 
1909 
1907 
1908 
1909 

Highmore,  S.  Dak '  1906 

1907 
1908 
1909 
1907 
1908 
1909 
1909 
1908 
1909 
1909 
1908 
1909 


Do. 

Do 

Bellefoiirche,  S.  Dak. 
North  Platte,  Nebr.. 

Do 

Do 

Akron,  Colo 

Hays,  Kans 

Garden  City,  Kans... 

Dalhart,  Tex 

Amarillo,  Tex 

Do 


Average . 


CO 


Q)  u  tf 


O   I   > 


II 


fe-o 


SB'S  • 
"(3x1  -: 
^^1 


$20.66 
16. 03 
21.60 

8.90 
11.14 
19.50 
14.81 
13. 48 
11.61 
17.16 
10.73 
17. 62 

9.98 
11.34 

5.39 
.75 


IS18.53 

*  16.33 

I  20.57 

,    8.35 

!    8.78 

,  19.72 

'  14.73 

,  14.96 

1  12.16 

17.01 

10.80 

17.36 

10.04 

8.58 

4.19 

.66 


•a  §2; 


£i2 

SOS 
o 


£2-5 

®  U  5 


08.0 


$21.11 

15.72 

21.17 

7.47 

8.22 

18.10 

16.74 

15.96 

11.88 

20.16 

13.35 

17.54 

8.41 

6.38 

4.41 

.70 


6.71 
1.50 


6.67 
2.67 


7.38 


$16.79 

15.37 

19.50 

8.35 

8.45 

15.33 

15.24 

12.16 

11.14 

18.79 

9.28 

12.00 

7.04 

7.85 

7.66 

1.44 


£SJ 

< 


6.12 


11.52  '  11.16  '  11.30     10.14 


$19.27 

15l86 

20.71 

8.27 

9.15 

18.16 

15.38 

14.14 

11.70 

18.28 

11.04 

16.10 

8.87 

8.54 

&41 

.89 


Spring-plowed  rotations. 


8.9 

•"S  ■ 
pgw 

tea 


$19.40 

18.37 

21.00 

8.42 

7.83 

19.33 

14.01 

14.94 

13.10 

13.55 

11.96 

12.73 

9.37 

o.  W 

4.35 

1.39 


4.72 
1.04 


5.91 


10.77 


9  «t>- 

So    . 


$18.53 

15l67 

19.88 

6.74 

8.65 

15.35 

14.17 

11.95 

11.68 

14.16 

12.99 

13.28 

8.77 

8.06 

1.65 

4.03 


.  9 

-a 

>  ^ 

>  I 
< 


Co 
ag 

t 

p. 


4.73 


9.97 


$20.06 

13.20 

19.90 

2.10 

6.59 

16.54 

16.25 

14.48 

13.50 

17.16 

11.25 

12.48 

9.13 

6.02 

3.52 

1.10 


$19.54 

1&T5 

2a  26 

5.42 

7.e» 

17.07 
14.81 
13.79 
12.76 
14.96 
12.07 
12.83 
9.09 
7.99 

a.  17 

2.17 


■-I 


4.96  1    5.20  — 


9.43 
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Table  XXVII. — Spring  plowing  compared  with  fall  plowing. 


station. 

Year. 

Average  value  per  acre 
of  wneat  ana  oats. 

Gain  in  favor  of— 

Rotation 
No.  2. 

Rotation 
No.  3. 

Spring 
plowing. 

Fall 
plowing. 

F^^MS^n.  Mont 

1909 
1908 
1909 
1907 
1908 
1909 
1906 
1907 
1906 
1909 
1907 
1908 
1909 
1909 
1908 
1909 
1909 
1908 
1909 

S19.40 

18.37 

21.00 

8.42 

7.83 

19.33 

14.01 

14.94 

13. 10 

13.55 

11.96 

12.73 

9.37 

$18.53 
16.33 
20.57 
8.35 
8.78 
19.72 
14.73 
14.96 
12.16 
17.01 
10.80 
17.36 
10.04 

10.87 

2.04 

.43 

.07 

OK».  If.  Dak 

^-^■■-"  »•  -^^  •  *'""~  ••• 

$0.95 

" ""  ""  ■""'•• 

.39 

a»-^.  S.  I>ak 

.72 

.02 

....... 

.94 

3.46 

Plfl^tte.  Nebr 

1.16 

4.63 

.67 

C7«>]o 

8. 99               8. 58 

.41 
.16 
.73 
.00 

jKica-ns 

4.35 
1.39 

.00 
5.91 

.00 

4.19 

.66 

.00 

6. 07 

2.67 

-t ,  "Tex 

tlo  .  Tex 

.76 

f  ^  _  _ 

2.67 

\^  vcrage 

10.77  1            11-16 

.39 

1 

1 

:iELELATION  OF  WHEAT  AND  OATS  TO  SUMMER  TILLAGE  IN  A  THREE- 
YEAR  ROTATION. 

he  comparison  in  Table  XXVIII  of  rotation  No.  5,  where  wheat, 
No.  8,  where  oats,  follow  summer  tillage  gives  some  interesting 
nxiation.  At  Judith  Basin,  Mont.,  where  only  one  year's  results 
e  been  secured,  the  advantage  was  slightly  in  favor  of  oats  fol- 
ingr  sununer  tillage.  At  Dickinson,  N.  Dak.,  the  difference  was 
only  small  but  also  contradictory  for  the  two  years.  At  Edge- 
,  N.  Dak.,  the  advantage  was  in  favor  of  No.  5,  wheat  after  fallow 
three  years.  At  Highmore,  S.  Dak.,  the  advantage  was  with 
.  8,  oats  after  fallow  all  three  years.  At  Bellefourche,  S.  Dak., 
i  single  year's  results  are  markedly  in  favor  of  No.  8.  At  North 
itte,  Nebr.,  the  advantage  was  with  No.  8  in  1907  and  1908  and 
ix  No.  5  in  1909.  For  reasons  already  explained,  the  last  year's 
rults  at  this  station  were  reversed  by  unfavorable  weather  condi- 
ns  in  May.  The  results  indicate  that  No.  8  is  the  better  for  North 
Bktte.  The  results  of  the  tests  at  the  other  stations  were  indecisive. 
appears,  therefore,  that  at  Edgeley  the  advantage  is  decidedly  in 
roT  of  No.  5,  wheat  after  summer  tillage.  At  Highmore,  Belle- 
arche,  and  North  Platte  the  advantage  is  as  strongly  in  favor  of 
a.  8,  oats  after  summer  tillage.  The  other  stations  show  no  marked 
[vantage  in  favor  of  either  rotation  over  the  other. 
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Table  XXVlll. —Falioto,  wheat,  oats  (rotation  No,  5)  compart  with  JaUmt,  orii 

wheat  {rotation  No.  8). 


StattoD. 


Judith  Basin.  Mont. 
Dickinson,  N.  Dak.. 

Do 

Edgeley,N.Dak 

Do 

Do 

Highmore,  S.  Dak. . . 

Do 

Do 

Bellefourche,  S.  Dak. 
North  Platte,  Nebr. . 

Do 

Do 

Akron,  Colo 

Hays,  Kans 

Garden  City,  Kans. . 

Dalhart,  Tex 

Amarlllo,  Tex 

Do 


Average. 


Year. 


1909 
190B 
1909 
1907 
1908 
1909 
1906 
1907 
1908 
1909 
1907 
1908 
1909 
1909 
1906 
1909 
1909 
1908 
1909 


Avoage  value  per 
acre  of— 


Gaininfa?wa£- 


Wheat  and 

oats. 

Rotation 

No.& 


Oats  and 
wheat. 

Rotatk>n 
No.  8. 


821.47 

1&.81 

20.88 

7.66 

10.86 

18.  W 

16.  SO 

18.24 

12.87 

17.16 

12.48 

20.87 

11.02 

7.96 

4.65 

2.48 

2.31 

8.61 

&14 


12.39 


S22.02 

15.29 

21.70 

7.19 

6.22 

16.41 

20.01 

18.48 

15.24 

22.74 

14.63 

23.11 

5l04 

7.52 

5.58 

2.01 

1.50 

9.12 

3.84 


12.51 


Rotation 
No.  5. 

r 

ft 

8a52 

.47 
4.64 
2.09 

1 

a 

............ 

I 

1 

% 

5.98 
44 

. « .  ■  -  .••*« 

. 

.47 

SI 

...... ■. 

.....■.......< 

• 

1  30 

1 

WHEAT,  OATS,  CORN  A  BETTER   SEQUENCE  ON  SPRING   PLOWING  THi 

OATS.    WHEAT,   CORN   AT   MOST   STATIONS. 

In  Table  XXIX  a  comparison  of  rotations  Nos.  2  and  9  shows  tlu 
when  spring  plowing  is  practiced  the  wheat-oats-com  sequence  giv< 
better  results  than  the  oats-wheat-corn  sequence,  Highmore  and  BeB 
fourche,  S.  Dak.,  and  Judith  Basin,  Mont.,  being  the  only  statioi 
where  the  latter  sequence  gives  better  results  than  the  former. 

In  Table  XXX  the  same  comparisons  have  been  made  betwee 
rotations  Nos.  1  and  4.  In  these  rotations  the  com  stubble  wj 
disked  instead  of  plowed  and  the  two  other  plats  in  each  of  tb 
rotations  were  fall  plowed  instead  of  being  spring  plowed,  as  wd 
rotations  Nos.  2  and  9. 

The  results  of  this  comparison  agree  in  a  general  way  with  thos 
of  rotations  Nos.  2  and  9,  but  are  less  markedly  in  favor  of  the  cort 
wheat-oats  sequence,  the  net  gain  of  this  sequence  being  only  2 
cents  instead  of  82  cents  per  acre.  The  four  tests  giving  results  t 
favor  of  the  com-oats-wheat  sequence  in  Table  XXIX  also  g»^ 
like  results  in  Table  XXX.  There  are,  however,  three  addition! 
tests  in  the  latter  comparison  in  favor  of  the  com-oats-wheat  sequent 
i.  e.,  Highmore,  1907,  North  Platte,  1907,  and  Amarillo,  1908. 
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XXiX. — Cofnparison  of  rotations  Nos.  2  and  9  in  detail,  showing  the  effect  of 

sequence  J  in  dollars  and  cents  per  acre. 


Station. 


t&  Basln^  ICont. . 
liaon,  K.  Dak. . 

►o 

ley,  N.  Dak.... 

>o 

>o 

more,  8.  Dak  . . 

>o 

>o 

tlbiuxdie,  8.  Dak 
h  Platte,  Nebr.. 

>o 

[>o 

m^Colo 

s,  Kans 

len  City,  Kans.. 

iart,Tex 

KriUo;Tex 

Do 


Year. 


Aveiage. 


1909 
1906 
1900 
1907 
1908 
1909 
1906 
1907 
1908 
1900 
1907 
1906 
1900 
1909 
1908 
1909 
1909 
1906 
1900 


Valtie  of  wheat  per 
acre. 


Rotation 
Ko.2. 


Rotation 
No.  9. 


119.86 

21.00 

23.82 

7.92 

9.48 

19.56 

16.38 

17.40 

15.12 

14.34 

14.22 

14.40 

10.32 

12.48 

.90 

2.40 

.00 

4.80 

.00 


118.96 
11.22 
ia42 
2.52 
8.10 
15.48 
15.42 
14.70 
14.52 
15.66 
12.48 
10.50 

laoo 

8.58 


32 
50 
00 
18 
00 


11.81 


9.61 


Value  of  oats  per 
acre. 


Rotation 
No.  2. 


118.93 

1&75 

18.18 

8.91 

6.18 

19.11 

11.64 

12.48 

11.07 

12.75 

9.69 

11.07 

8.43 

5.49 

7.80 

.39 

.00 

7.02 

.00 


Rotation 
No.  9. 


S21.21 

15.18 

21.39 

1.68 

5.07 

17.61 

17.07 

14.25 

12.48 

18.66 

10.02 

14.46 

8.25 

5.25 

5.73 

.69 

.00 

6.75 

.00 


9.73 


10.30 


Average  value  per 
acre. 


Rotation 
No.  2. 


S19.40 

ia37 

21.00 

8.42 

7.83 

19.33 

14.01 

14.94 

13.10 

13.55 

11.96 

12.73 

9.37 

o.  vV 

4.35 

1.39 

.00 

5.91 

.00 


Rotation 
No.  9. 


12a  08 

13.20 

19.90 

2.10 

6.50 

16.54 

16.25 

14.48 

18.50 

17.16 

11.25 

12.48 

9. 13 

6.92 

3.52 

1.10 

.00 

4.96 

.00 


10.77 


9.95 


Year. 

Gain  in  value  per 
acre  of  wheat 

Gain  In  value  per 
acre  of  oats. 

Gain  In  value  per 
acre. 

Station. 

Rotation 

No.  2 

over 

No.  9. 

Rotation 
No.  9 
over 
No.  2. 

Rotation 

No.  2 

over 

No.  9. 

Rotation 

No.  9 

over 

No.  2. 

Rotation 
No.  2 
over 
No.  9. 

Rotation 

No.  9 

over 

No.  2. 

dlth  Basin.  Mont 

1909 
1908 
1909 
1907 
1908 
1900 
1906 
1907 
1908 
1909 
1907 
1908 
1909 
1909 
1906 
1909 
1909 
1908 
1909 

10.90 
9.78 
5.40 
5.40 
1.38 
4.08 

.96 
2.70 

.60 

12.28 

10.68 

ttkiiuon,  N.  Dak 

la  57 

15.17 
1.10 
6.32 
1.24 
2.79 

Do.,.'. 

3.21 

Igeley,  N.  Dak 

7.23 
1.11 
1.50 

Do 

Do 

IH^moTp.  ft-  THfc^ 

5.43 
1.77 
1.41 
5.91 
.33 
3.39 

2.24 

Do 

.46 

Do 

.40 

BUefooiche,  8.  Dak 

$1.32 

3.61 

"orth  Platte,  Nebr 

1.74 

3.90 

.32 

3.90 

.71 
.25 
.24 
2.07 
.83 
.29 

Do 

Do 

.18 

.24 

2.07 

kitm^dolo 

.42 

Israen  City,  Kans 

.90 

.00 

1.62 

.00 

.30 

^ri^art.T^*. 

.00 

imiirfllo,  T«« 

.27 

.95 

Do 

.00 

Aven^ 

2.20 

.57 

.82 

1 
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Table    XXX. — Companion  of  rotations  Nos.  1  and  4  in  detaU,  dicing  the  </«f  ^ 

tequemXy  in  dollars  and  cents  per  acre. 


Stetlon. 

Yew. 

Value  of 

wheat 

per  acre. 

Value  of  oats  per 
acre. 

Value  of 

wheat 

per  acre. 

Avence  vafaw  p« 

Rotation 
No.  1. 

Rotation 
No.l. 

Rotation 
No.  4. 

$22.23 
2a  16 
21.75 
8.64 
7.02 
19. 11 
1&48 
14.52 
ia68 
22.50. 
12.18 
16.29 
6.75 
6.39 
4.80, 
.87  1 
.00, 
6.84  ' 
.00  1 

Rotatkm 
Xo.  4. 

S19.98 
U.2R 
2a  56 
6.30 
9.42 
17.10 
15u00 
17-40 
13.06 
17.82 
14.52 
18.78 

iao8 

6.38 

4.02 

.54 

.00 

7.92 

.00 

1 

Rotatioa. 

No.  1.    . 

Rolttia 

.VO-4 

Judith  Basin.  Hont 

Dickinson,  N.  Dak 

Do 

Edgeley,  N.  Dak 

Do 

Do 

HIghmorp,  S.  Dak 

Do 

Do 

Bcllefourphe,  8,  Dak 

190B 
1906 
1900 
1907 
1908 
1900 
1906 
1907 
1906 
1909 
1907 
1908 
1909 
1909 
1908 
1909 
1909 
1906 
1909 

f2a88 
21.48 
23.88 

iao2 

14.40 

19.80 

16.02 

12.90 

14.58 

17.64 

13.38 

17.16 

13.02 

15.00 

2.22 

.60 

.00 

4.98 

.00 

S2a43 

iad9 

19.32 

7.77 

7.89 

19.20 

13.50 

14.07 

8.64 

16.68 

8.07 

18.09 

6.93 

7.68 

8.55 

.90 

.00 

&43 

3.00 

saaw' 

16.03 

21.  eo 

&90 
11.14 
19.50 
14.81 
13.48 
11.61 
17.16 
ia73 
17.62 

9. 98 
11.34  , 

5.39 
.75 
.00 

«.71  . 

1.50  1 

13.11 
li3 
^LC 
IC 
&2 
liH 
H'A 
UN 
US 

&1I 

North  Platte.  Nehr 

ua 

Do 

ir.aA 

Do 

9.41 

Akron,  Colo 

&J 

Hays,  Kans 

i^ 

nar^lAn  Cltv.  Kans 

75 

Dalhart,  Tex 

.« 

Amarillo.  Tex 

;» 

Do 

• 

Average 

12.52 

10.52 

11.54 

11.06 

11.  ss' 

us 

Year. 

Gain  In  value  of 
wheat 

Gain  In 
oa 

Rotation 

No.l 

over 

No.  4. 

value  of 
ts. 

Rotation 

No.  4 

over 

No.  1. 

Gain  inTaloepv 

acre 

Station. 

Rotation 

No.  1 

over 

No.  4. 

Rotation 

No.  4 

over 

No.l. 

RoUtiott 
No.l    , 
over 
No.  4. 

RotalM 

Xo.4 
over 
Ka.1 

Judith  Basin.  Mont 

1909 
1908 
1909 
1907 
1908 
1909 
1906 
1907 
1906 
1909 
1907 
1908 
1909 
1909 
1908 
1909 
1909 
1906 
1909 

_  -  .  - 

10.90 
ia20 
3.30 
3.72 
4.98 
2.70 
1.02 

SI.  80 

9.57 

2.43 

.87 

«14$ 

Dickinson.  N.  Dak 

sasi 

.43 

1.43 

1          2.« 

1.40 

1 

Do 

......•••, 

Edeelcy,  N.  Dak 

Do 

SO.  87 
.09 

Do 

4."89" 

.45 
2.04 
5.82 
4.11 

Illghmore,  S.  Dak 

Lfi 

Do 

44.50 

I* 

Do.:: 

.1.50 

T 

Bellcfourrhe,  S.  Dak 

.18 
1.14 
1.62 

iOI 

North  I'latte,  Nebr 

1 

3.C 

1.80 

.18 

1.29 

3.75 

.03 

.00 

1.59 

3.00 

,            .08  . 
'          1.57 

'           .98  . 
.05  . 

Do 

2.94 
8.64 

Hays.  Kans  

1.80 

Garden  Cltv.  Kans 

.06 
.00 

Dalhart,  Tex 

.00 
2.94 

Amarillo,  Tex 

p 

X 

Do 

.00 

i.» . 

Averace 

1.46 

1.02 

1 

.2'. 

1 
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BtOTATIONS  FOB  THB  CONSEBVATION  OF  OBGANIC  MATTEB  IN 

THE  SOIL. 

The  conservation  of  the  organic  matter  in  the  soil  is  probably  the 
nost  important  problem  in  crop  rotation.  In  the  various  3-year 
"otations  which  have  been  discussed  in  the  foregoing  pages  no  atten- 
;ion  has  been  paid  to  this  important  subject  for  the  reasons  already 
riven,  that  its  introduction  in  these  experiments  would  tend  to 
>bscure  the  effects  of  sequence  and  methods  of  soil  preparation.  A 
p^at  deal  of  work  has,  however,  been  done  at  these  same  stations 
with  various  rotations  calculated  to  conserve  the  organic  matter  in 
ihe  soil.  There  are  several  reasons  why  the  results  from  these  experi- 
nents  have  not  yet  reached  the  stage  where  any  very  safe  conclusion 
»ui  be  drawn.  Among  the  most  important  of  these  reasons  are  the 
olio  wing: 

(1)  Kotations  planned  for  this  purpose  must  be  of  at  least  four  and, 
sreferably,  six  years'  duration;  and  a  complete  cycle  of  the  rotation 
thould  be  completed  before  results  will  be  at  all  marked. 

(2)  The  plowing  under  of  sod  or  green  manure  is  frequently  less 
^neficial  to  the  crops  immediately  following  than  to  the  subsequent 
srops.  Under  certain  conditions  of  soil  and  climate  the  first  effect 
nay  be  even  to  reduce  rather  than  to  increase  the  following  crop. 
rhis  is  especially  true  where  a  green-manure  crop  is  allowed  to  become 
too  mature  before  plowing  under,  where  a  grass  or  clover  sod  is  broken 
when  it  is  not  in  the  best  condition  for  plowing,  or  where  the  soil  is 
aot  properly  treated  after  plowing. 

(3)  The  great  diversity  of  soil  and  climatic  conditions  encountered 
Ett  the  several  stations  has  made  it  impossible  always  to  foresee  just 
bow  the  best  results  can  be  obtained.  Some  experiments  and  some 
mistakes  had  to  be  made  before  the  best  methods  of  investigation 
could  be  worked  out. 

(4)  The  growing  of  most  of  the  cultivated  perennial  grasses,  the 
biennial  and  annual  legumes,  and  the  winter  grains  is  still  in  the  early 
Bxperimental  stages  at  many  of  the  stations.  The  failure  to  secure 
a  catch  of  seed  and  the  injury  or  total  loss  of  the  crop  by  wdnterkill- 
ing  has  in  some  instances  seriously  interfered  with  carrying  out  the 
plans  of  the  experiments. 

(5)  Experience  is  enabling  us  to  gradually  reduce  these  sources  of 
error,  but  they  can  never  be  entirely  eliminated.  It  will  therefore 
require  a  much  longer  period  of  time  to  reach  the  same  degree  of 
accuracy  in  these  investigations  as  that  attained  with  the  simple 
3-year  rotations  and  the  continuous  cropping  and  summer  tillage 
experiments  already  described. 

(6)  Another  important  consideration  in  this  connection  is  that  the 
effects  of  all  these  methods  are  cumulative.     Continuous  cropping  or 
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alternate  cropping  and  summer  tillage  without  the  application  d 
barnyard  or  green  manure  must  in  time  deplete  the  soil  of  its  oiganie 
matter  and  consequently  reduce  both  its  drought  resistatM^  and  its 
fertility.  On  the  contrary,  a  properly  planned  and  conducted  rota- 
tion system  should  maintain  or  augment  the  store  of  otganic  inatkr 
in  the  soil  and  thereby  increase  both  its  fertility  and  its  dttMi^ 
resistance,  and  consequently  its  crop-producing  capacity.  Such  beilif 
the  case  it  would  be  manifestly  unreasonable  to  expect  to  establsh 
any  definite  quantitative  relations  between  two  such  divergingsystiw 
until  after  a  lapse  of  sufficient  time  to  allow  the  rate  of  this  divergww 
to  become  definitely  established. 

While  the  results  of  these  investigations  have  not  yet  reached  tin 
stage  where  definite  quantitative  relations  can  be  established,  thef 
have,  we  believe,  produced  sufficient  evidence  to  warrant  us  in  makffig 
certain  recommendations  and  suggestions  for  rotations  in  the  Gteai 
Plains. 

In  the  following  pages  we  have  attempted  to  outline  certain  systems 
of  crop  rotation  which  will  combine  the  best  features  of  the  extewiTe 
system  of  farming  with  the  conservation  of  the  organic  matter,  iB 
well  as  the  moisture  of  the  soil.  These  rotations,  as  well  as  manj 
others,  have  been  on  trial  at  nearly  all  the  stations  mentioned  wkI 
have  given  sufficiently  favorable  results  to  warrant  their  recommeiwhr 
tion  for  further  trials  by  farmers  in  the  Great  Plains  area. 

The  following  tables  are  intended  to  represent  a  quarter  section  rf 
land  divided  into  as  many  fields  as  there  are  years  in  the  rotation 
Of  course,  this  would  apply  equally  as  well  to  a  farm  of  more  or  less 
extent  than  160  acres,  but  as  a  quarter  section  is  the  common  unit 
of  land  measurement  in  the  West  we  have  assumed  that  each  of  these 
rotations  is  to  be  practiced  upon  a  single  quarter.  The  letters  assig»<l 
to  the  plats  indicate  the  crops  to  be  raised  on  each  plat  for  as  mwij 
years  as  are  involved  in  the  particular  rotation  under  consideration. 
When  this  cycle  has  been  completed  it  will  be  begun  over  and  the 
same  crops  will  be  raised  in  the  same  succession  continuously  as  Iw? 
as  the  rotation  is  practiced. 

It  is  quite  important  in  planning  a  rotation  to  devote  a  great  deil 
of  careful  thought  and  attention  to  the  matter,  as  the  best  reaute 
will  obtain  where  the  rotations  are  carried  on  uninterruptedly  for  long 
periods.  It  is  true  that  many  minor  changes  may  be  made  in  the 
rotation  without  seriously  interfering  with  its  general  plan.  "® 
have  attempted  to  point  out  some  of  the  ways  in  which  the  foItowiBg 
rotations  may  be  modified  to  suit  local  conditions. 

Where  annual  crops  only  are  used,  the  beginning  of  the  rotation  is 
a  very  simple  matter.  AU  that  is  necessary  is  to  divide  the  farm  tot^ 
as  many  fields  of  uniform  size  as  there  are  years  in  the  rotation  ^ 
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seed  each  field  to  the  crops  in  the  rotation  in  regular  order,  as  is 
lO^wh.  in  the  tables. 

Wfciere  biennial  or  perennial  crops  enter  into  the  rotation^  as  is  the 
kae  "With  rotations  Nos.  1  and  2,  it  will  be  necessary  the  first  year  to 
ipply  some  other  crop  in  the  place  of  the  perennial,  which,  when  the 
itAtion  is  once  started,  will  be  carried  on  from  the  previous  year. 
or  instance,  in  the  case  of  the  6-year  rotation  (No.  2)  the  farm 
tioiild  be  divided  into  six  fields  of  equal  area,  as  shown.  Field  A 
h\o\ild  be  planted  to  com,  field  B  to  wheat,  and  field  C  should  be 
seeled  to  brome-grass.  Field  D  should  also  be  seeded  to  brome- 
rasS)  as  it  will  remain  as  a  meadow  during  the  following  year. 
i'ield.  E,  which  should  be  in  brome-grass,  but  would  be  broken  up  after 
lie  grass  was  cut,  should  be  planted  to  some  other  crop.  It  is  not 
mportant  what  this  crop  should  be,  except  that  if  the  rotation  has 
)een  adopted  with  a  view  to  furnishing  the  proper  quantity  of  hay  it 
^ould  be  desirable  to  have  this  field  put  into  some  kind  of  an  annual 
;rop  that  could  be  cut  for  hay.  Millet,  oats  and  peas  sown  together, 
[nilo,  or  some  of  the  other  nonsaccharine  sorghums,  could  be  used  for 
this  purpose.  Field  F  would  be  sown  to  oats,  barley,  emmer,  or 
wheat,  as  shown.  After  the  first  year  the  rotation  would  go  on 
without  further  interruption,  except  that  in  the  case  of  a  failure  of  the 
grass  to  catch,  some  annual  could  be  substituted  without  in  any  way 
interfering  with  the  general  plan  of  the  rotation. 

FIVE-YEAR   ROTATION    (NO.    l). 


Field  A,  32  Acres. 

1910.  Com. 

1911.  Wheat,  winter  or  spring. 

1912.  Brome-grass  meadow. 

1913.  Brome-grass  meadow. 

1914.  Oats,  barley,  emmer,  or  wheat. 

Field  B,  32  Acres. 

1910.  Wheat,  winter  or  spring. 

1911.  Brome-grass  meadow. 
Idl2.  Brome-grass  meadow. 

1913.  Oats,  barley,  emmer,  or  wheat. 

1914.  Com. 

Field  C,  32  Acres. 

1910.  Brome-grass  meadow. 

1911.  Brome-grass  meadow. 

1912.  Oats,  barley,  emmer,  or  wheat. 

1913.  Com. 

1914.  Wheat,  winter  or  spring. 
1S7 


Field  D,  32  Acres. 

1910.  Brome-grass  meadow. 

1911.  Oats,  barley,  emmer,  or  wheat. 

1912.  Com. 

1913.  Wheat,  winter  or  spring. 

1914.  Brome-grass  meadow. 

Field  E,  32  Acres. 

1910.  Oats,  barley,  emmer,  or  wheat. 

1911.  Cora. 

1912.  W^heat,  winter  or  spring. 

1913.  Brome-grass  meadow. 

1914.  Brome-grass  meadow 
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This  rotatioix  is  one  that  has  proved  very  satisfactory  in  our  erpeii- 
ments,  and  it  is  believed  that  with  the  modifications  that  mav  be 
made  in  it,  it  will  be  found  adapted  to  a  lai^e  portion  of  the  Great 
Plains  area.  It  is  possible  that  the  order  in  which  the  crops  are  grown 
might  be  changed,  but  from  our  experience  in  this  particular  we  have 
found  this  arrangement  the  most  satisfactory.  This  being  a  5-year 
rotation,  the  farm  would  be  divided  into  five  fields  of  32  acres  eadt 
ISiere  would  be  32  acres  of  com,  64  acres  of  small  grain,  and  64  acres 
of  meadow  each  year. 

Com. — This  crop  may  be  grown  either  upon  fall  plowing  or  spxing 
plowing.  The  time  of  planting  must  be  determined  by  the  experience 
of  farmers  in  the  particular  locaUty  where  it  is  to  be  tried.  It  is 
believed  that,  as  a  broad  general  proposition,  spring  plowing  gives 
better  results  than  fall  plowing,  but  there  are  some  notable  excep- 
tions to  this  general  rule.  If  the  ground  is  to  be  plowed  in  the  fall, 
the  plowing  should  be  done  as  soon  after  the  preceding  crop  is  harvested 
as  possible.  The  depth  to  which  the  plowing  should  be  done  is  a 
matter  that  depends  lai^ely  upon  local  conditions  of  soil  and  climate, 
and  also  upon  the  depth  to  which  plowing  has  be-en  done  in  previous 
years.  It  is  not  usually  desirable  to  plow  more  than  about  1  indi 
of  soil  that  has  not  been  previously  stirred. 

In  the  northern  part  of  the  area  it  will  be  impracticable  to  attempt 
any  cultivation  of  the  ground  during  the  winter  when  the  soil  is  frozen, 
but  in  the  southern  portion  of  the  area,  where  the  ground  is  not  con- 
stantly frozen  and  where  there  is  more  or  less  winter  rain,  it  would 
probably  be  advisable  to  harrow  the  ground  after  rains  in  order  to 
preserve  the  moisture.     In  the  spring  the  land  may  be  disked  or  har- 
rowed after  rains  to  conserve  the  moisture  \mtil  planting  time. 
Where  the  soil  is  of  such  a  nature  as  to  cause  it  to  blow  badly,  the  fall, 
winter,  and  spring  treatment  should  be  such  as  to  reduce  this  danger 
to  the  lowest  point.     No  general  rule  can  be  laid  down  which  would 
be  applicable  to  the  many  different  soils  to  be  found  in  the  area.     The 
planting  may  be  done  with  a  checkrower  or  with  a  Uster;  which- 
ever method  is  used  the  ground  should  be  frequently  cultivated  after 
planting  with  a  weeder  or  light  harrow,  or  with  some  of  the  imple- 
ments used  for  cultivated  and  listed  ground.     When  the  grain  has 
reached  the  height  where  this  class  of  implements  can  not  be  used,  it 
should  be  thoroughly  cultivated,  not  only  to  keep  it  free  from  weeds, 
but  to  keep  the  crust  broken,  so  as  to  conserve  the  moisture.     In 
cultivating  the  corn  crop,  two  objects  should  constantly  be  kept  ia 
view:  (1)  The  cultivation  of  the  soil  with  reference  to  the  com  crop, 
and  (2)  the  preparation  of  the  soil  for  the  grain  crop  which  is  to  follow. 
Experience  has  shown  that  where  corn  does  not  grow  oftener  than 
once  in  three  years  in  the  rotation  it  does  not  pay  to  plow  the  land 
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ifter  the  corn  crop  and  before  the  succeeding  crop  is  sown.  If  a  crop 
>f  winter  wheat  is  to  be  raised,  the  wheat  should  either  be  drilled  in 
between  the  rows  of  standing  com,  as  is  found  desirable  in  the 
northern  part  of  the  area,  or  the  com  should  be  cut  and  either  shocked 
>r  removed  from  the  field  and  the  grain  sown  on  disked  com  stubble. 
WJieat — If  spring  wheat  is  to  be  raised  after  the  crop  of  corn,  it  will 
>ften  be  found  advantageous  to  disk  or  harrow  the  com  stubble  in  the 
Fall,  after  the  com  is  removed,  in  order  to  break  up  the  crust  and  con- 
serve the  moisture  resulting  from  the  fall  rains  when  they  occur. 
In  the  spring  the  grain  can  be  drilled  in  upon  the  corn  stubble  with 
dither  a  disk  or  a  shoe  drill.  If  the  cornstalks  were  not  removed 
the  previous  fall,  but  were  left-  standing,  it  will  be  necessary  to 
break  them  down  with  some  kind  of  a  stalk  cutter,  such  as  is  in  com- 
mon use  wherever  com  is  extensively  raised.  In  some  instances  it 
may  be  found  necessary  to  disk  the  land  before  drilling  in  the  wheat, 
but  the  soil  is  of  such  a  nature  over  very  considerable  areas  as  to 
make  this  unnecessary  and  in  some  instances  actually  undesirable. 
A  light  harrowing  after  seeding  is  almost  unfailingly  beneficial,  as  it 
helps  to  cover  the  seed  that  may  not  have  been  completely  covered 
by  the  drill,  and  also  levels  the  surface.  Light  harrowing  after  the 
grain  has  come  up  and  until  it  has  reached  a  height  where  the  har- 
rowing will  seriously  harm  the  plants  is  usually  desirable.  On  some 
soils  this  work  can  be  better  done  with  some  one  of  the  various  types 
of  "weeders  that  are  on  the  market.  This  harrowing  of  the  grain  after 
it  is  up  should  be  done  as  soon  after  rains  as  the  soil  is  dry  enough, 
so  as  not  to  clog  the  harrow  or  weeder. 

If  brome-grass  is  to  be  sown  with  the  wheat,  the  seeding  of  wheat 
should  be  as  light  as  is  consistent  with  a  fair  yield  of  grain.  It 
would  be  impossible  to  lay  down  any  rule  as  to  the  quantity  per 
acre,  but  we  have  found  3  pecks  per  acre  satisfactory\  The  brome- 
grass  seed  should  be  sown  at  the  rate  of  about  20  pounds  of  good 
clean  seed  per  acre.  The  seed  may  be  sown  either  with  the  grass- 
seed  attachment  to  the  drill  or  broadcast  by  hand,  and  should  be 
covered  by  a  Ught  harrowing.  Where  a  man  can  be  found  who  is 
accustomed  to  sowing  seed  by  hand  we  have  found  the  hand  seeding 
the  most  satisfactory,  as  there  is  great  danger  of  the  brome-grass 
seed  becoming  clogged  in  the  seeder  on  account  of  its  light  and 
chafiFy  nature. 

Where  winter  wheat  is  raised,  the  brome-gra^ss  may  usually  be 
sown  in  the  fall  at  the  time  of  the  seeding  of  wheat.  If  a  good  catch 
of  brome-grass  is  not  obtained  from  this  fall  seeding,  it  is  possible  to 
reseed  the  thin  patches  in  the  spring,  covering  the  ground  with  a 
light  harrow  or  weeder. 
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Brame-ffrass  meadow. — If  a  good  catch  of  brome-grass  luus 
obtained,  there  should  be  a  good  yield  of  both  hay  and  aeed  iht 
following  year.  Where  brome-grass  seed  is  in  demand,  the  seed 
crop  is  usually  much  more  profitable  than  the  hay  crop^  but,  of 
course,  only  a  small  portion  of  the  total  crop  of  brome-gr&aB  can 
be  used  for  this  purpose  each  year  in  a  locality  where  it  is  bdi^ 
extensively  grown.  The  second  yearns  crop  of  brome-grass  usoaBy 
yields  more  hay  but  less  seed  per  acre,  so  that  as  a  general  thipg 
the  seed  should  be  saved  from  the  first  year's  crop  and  the  secmMl 
year's  crop  used  mainly  for  hay.  We  have  sometimes  found  it  desir- 
able to  cut  the  seed  with  a  binder,  setting  it  high  enough  so  as  noi 
to  cut  the  thick  mass  of  grass  at  the  bottom,  and  to  follow  the 
binder  with  a  mowing  machine  to  cut  the  hay.  In  cutting  brame- 
grass  for  seed  great  care  should  be  exercised  to  harvest  it  at  jost 
the  right  time;  that  is,  as  soon  as  the  seed  is  mature  and  before  it 
begins  to  shed.  We  have  frequently  seen  a  crt^  of  seed  reduced 
one-half  by  a  delay  of  two  days  in  cutting. 

After  the  second  year's  crop  of  brome-grass  has  been  cut  the  sod 
should  be  broken  in  order  to  prepare  the  land  for  the  crop  of  oals, 
barley,  emmer,  or  wheat  which  is  to  follow.  The  proper  time  for 
breaking  the  sod  will  depend  upon  the  locaUty,  soil,  and  climatic 
conditions.  In  the  northern  part  of  the  area  it  will  be  found  entirely 
practicable  to  cut  a  crop  of  hay  in  June,  break  the  sod  immediately, 
and  sow  a  crop  of  flax  upon  the  sod.  In  this  way  two  crops  can  be 
obtained  from  the  field  the  same  year,  and,  in  addition  to  the  advan- 
tage of  raising  two  crops,  the  soil  will  be  in  better  condition  for  the 
crop  of  grain  which  is  to  follow  the  next  year  than  it  would  be  if 
the  sod  was  simply  broken  and  allowed  to  remain  without  a  crop 
until  the  following  spring, 

Oats,  harley,  emmer,  or  wheat. — The  treatment  of  the  brome-graas 
sod  from  the  time  it  is  broken  imtil  the  seeding  of  the  foUowmg 
spring  is  a  matter  concerning  which  it  is  very  difficult  to  lay  down 
any  very  definite  rule.     The  object  is,  of  course,  to  get  the  sod  as 
thoroughly  rotted  and  subdued  as  possible  and  to  get  the  soil  into 
the  best  possible  condition  for  the  seed  bed  for  the  spdng  crop.    The 
meivns  adopted  to  attain  this  end  will  depend  so  much  upon  local 
conditions,  peculiarities  of  soil,  climate,  etc.,  that  the  farmer  will 
have  to  depend  largely  upon  his  own  judgment  and  experience.    If 
a  crop  of  flax  has  been  raised,  the  sod  will  rot  much  more  rapidly 
than  where  flax  is  not  raised,  and  it  will  usually  be  found  desirable 
to  backset  the  sod  in  the  fall  if  there  is  sufficient  moisture  in  the  soiL 
Where  a  crop  of  flax  has  not  been  raised,  the  question  of  backsetting 
in  the  fall  or  allowing  the  sod  to  remain  undisturbed  until  the  fol- 
lowing spring  is  one  that  must  depend  upon  local  conditions. 
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Field  A,  26)  Acres. 

).  Com. 

1.  Wheat,  winter  or  spring. 

2.  Seeded  to  brome-grass. 
S.  iBrome-grass  meadow. 

4.  3roine-gra8B  meadow. 

5.  Oata,  barley,  emmer,  or  wheat. 

FiBLD  B,  26)  Acres. 

10.  Wheat,  winter  or  spring. 

LI.  Seeded  to  brome-grass. 

L2.  Brome-graBB  meadow. 

L3.  Brome-gra^  meadow. 

L4.  Oats,  barley,  emmer,  or  wheat. 

15.  Com. 

Field  C,  26}  Acres. 

10.  Seeded  to  brome-grass. 

•11.  Brome-grass  meadow. 

>12.  Brome-grass  meadow. 

>13.  Oats,  barley,  emmer,  or  wheat. 

114.  Com. 

)15.  Wheat,  winter  or  spring. 


SIX-YEAR  KOTATION  (NO.  2) 

Field  D,  26 J  Acres. 


1910.  Brome-graas  meadow. 

1911.  Brome-grass  meadow. 

1912.  Oats,  barley,  emmer,  or  wheat. 

1913.  Com. 

1914.  Wlieat,  winter  or  spring. 

1915.  Seeded  to  brome-grass. 

Field  £,  26}  Acres. 

1910.  Brome-grass  meadow. 

1911.  Oats,  barley,  emmer,  or  wheat. 

1912.  Com. 

1913.  Wheat,  winter  or  spring. 

1914.  Seeded  to  brome-grass. 

1915.  Brome-grass  meadow. 

Field  F,  26}  Acres. 

1910.  Oats,  barley,  emmer,  or  wheat. 

1911.  Com. 

1912.  \\Tieat,  winter  or  spring. 

1913.  Seeded  to  brome-grass. 

1914.  Brome-grass  meadow. 

1915.  Brome-grass  meadow. 


In  some  of  the  drier  parts  of  the  Great  Plains  area  it  will  probably 
le  found  impracticable  to  attempt  to  raise  brome-grass  with  a  nurse 
iiop-  In  such  localities  rotation  No.  1,  as  previously  described, 
thould  be  modified  by  making  it  a  6-year  instead  of  a  5-year  rota- 
ion.  With  the  6-year  rotation  the  farm  would  be  divided  into  six 
ields  of  26}  acres  each,  and  we  would,  therefore,  have  26}  acres  of 
3oni,  53}  acres  of  brome-grass,  53}  acres  of  small  grain,  and  26} 
Acves  sown  to  brome-grass,  but  not  yielding  a  crop.  All  the  crops 
in  the  rotation  would  follow  each  other  in  the  order  already  specified, 
Bxeept  that  there  would  be  one  year  between  the  wheat  crop  and 
the  first  year  of  brome-grass  meadow,  during  which  the  seeding  of 
brome-grass  would  be  done. 

When  this  modification  of  the  rotation  is  adopted,  the  following 
method  will  be  found  satisfactory  for  preparing  the  land  for  seeding 
to  brome-grass.  The  land  should  be  plowed  as  soon  after  the  crop 
of  wheat  has  been  removed  as  is  practicable.  The  treatment  of  the 
soil  after  plowing  should  be  such  as  will  carry  it  through  the  winter 
in  the  best  physical  condition.  As  soon  as  the  frost  is  out  of  the 
surface  the  following  spring  it  should  be  harrowed,  and  this  harrow- 
ing should  continue  until  the  ground  becomes  thoroughly  warm  and 
that  time  of  the  season  has  been  reached  when  there  is  most  likeli- 
hood of  rains.     In  the  Dakotas  this  time  is  usually  the  first  week  in 
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June.  In  other  parts  of  the  area  it  may  vary  somewhat,  but 
the  time  arrives  and  the  soil  is  thoroughly  warm  and  in  good  c(»m&! 
tion  and  when  there  is  a  reasonable  prospect  of  rain  the  brome-grasB 
should  be  sown,  as  heretofore  described,  at  the  rate  of  about  20 
pounds  per  acre  and  thoroughly  harrowed  in.  The  weeds  haviog 
been  kept  down  by  previous  harro wings  and  the  soil  having  become 
packed  into  a  firm  seed  bed  and  being  moist  and  warm,  the  bron^ 
grass  should  come  up  very  quickly  and  evenly  and  will  be  able  to 
keep  ahead  of  the  weeds,  and  a  good  stand  ought  to  be  the  result  m 
almost  any  part  of  the  area  during  years  of  normal  climatic  conditions. 

FOUR-YEAR   ROTATION  (NO.  3). 


Field  A,  40  Acres. 

1910.  Com. 

1911.  Wheat,  winter  or  spring. 

1912.  Red  clover. 

1913.  Oata,  barley,  emmer,  or  wheat. 

Field  B,  40  Acres. 

1910.  Wheat,  winter  or  spring. 

1911.  Red  clover. 

1912.  Oats,  barley,  emmer,  or  wheat. 

1913.  Com. 


Field  C,  40  Acres. 

1910.  Red  clover. 

1911.  Oats,  barley,  emmer,  or  wheal. 

1912.  Com. 

1913.  Wheat,  winter  or  spring. 

Field  D,  40  Acres. 

1910.  Oats,  barley,  emmer,  or  wheat. 

1911.  Com. 

1912.  Wheat,  winter  or  spring. 

1913.  Red  clover. 


In  some  parts  of  the  area  clover  has  been  successfully  grown,  and  H 
is  believed  that  it  might  be  very  much  more  extensively  grown  than 
it  is  at  present.  As  it  is  a  nitrogen  gatherer,  it  is  more  desirable  for 
improving  the  condition  of  the  soil  than  is  brome-grass,  and  ^^ 
would  therefore  recommend  the  modification  of  rotation  No.  2  by 
making  it  a  4-year  rotation,  which  would  necessitate  the  dividin? 
of  the  farm  into  four  fields  of  40  acres  each,  as  shown  in  rotati<Mi 
No.  3.  There  would  then  be  40  acres  in  com,  80  acres  in  small  graio* 
and  40  acres  in  clover  each  year.  The  clover  can  be  sown  with  the 
wheat  at  the  rate  of  about  15  pounds  per  acre.  If  it  proves  impnc- 
ticable  to  raise  clover  with  the  wheat  as  a  nurse  crop,  the  rotation 
can  be  changed  to  a  5-year  rotation,  seeding  the  clover  on  thor- 
oughly prepared  ground,  as  discussed  for  brome-grass  in  the  6-Yetf 
rotation  (No.  2).  Flax  might  be  raised  on  the  clover  sod,  as  sug- 
gested for  brome-grass  sod. 
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FOUR-YEAR   ROTATION  (NO.  4). 


Field  A,  40  Acres. 

10.  Corn. 

11.  Wheat,  winter  or  spring. 

12.  Winter  rye  turned  under  in  spring. 

13.  Oats,  barley,  emmer,  or  wheat. 

Field  B,  40  Acres. 

lO.  Wheat,  winter  or  spring. 
0.1.  Winter  rye  turned  under  in  spring. 
•12.  Oats,  barley,  emmer,  or  wheat. 
113.  Com. 


Field  C,  40  Acres. 

1910.  Winter  rye  turned  under  in  spring. 

1911.  Oats,  barley,  emmer,  or  wheat. 

1912.  Com. 

1913.  Wheat,  winter  or  spring. 

Field  D,  40  Acres. 

1910.  Oats,  barley,  emmer,  or  wheat. 

1911.  Com. 

1912.  Wheat,  winter  or  spring. 

1913.  Winter  rye  turned  under  in  spring. 


While  we  feel  confident  that  brome-grass  and  red  clover  can  be 
luch  more  commonly  grown  throughout  this  area  than  at  present, 
e  recognize  that  there  probably  are  localities  within  the  area 
^here  neither  of  these  crops  can  be  successfully  grown,  and  it  is 
[together  likely  that  even  in  those  localities  where  the  crops  can  be 
accessfully  grown  during  favorable  seasons  there  will  be  unfavor- 
ble  seasons  when  it  will  be  impossible  to  get  a  catch  of  either  of 
bem.  In  order  to  provide  for  such  emergencies  we  have  included 
lie  following  4-year  rotation,  No.  4,  in  which  we  have  substituted  a 
rop  of  winter  rye  for  the  clover  which  occurred  in  rotation  No.  3. 
I'he  other  crops  in  this  rotation  will  not  need  further  description,  as 
hey  are  to  be  treated  the  same  as  in  the  rotations  described. 

The  ground  for  the  winter  rye  should  be  prepared  by  plowing  it  as 
con  after  the  wheat  crop  is  removed  as  possible.  It  should  then 
)e  thoroughly  packed  and  harrowed  and  kept  in  good  tilth  and  free 
rom  weeds  until  the  proper  time  for  seeding  has  arrived.  The  date 
>f  seeding,  of  course,  will  vary  somewhat  with  the  latitude.  After 
he  rye  is  seeded  it  will  require  no  further  attention  until  the  following 
(pring  or  early  sunmier,  when  it  is  to  be  turned  under.  The  date 
Krhen  this  should  be  done  will,  of  course,  vary  with  the  season,  but 
experience  has  shown  that  the  best  results  are  obtained  when  the 
rye  is  turned  under  after  it  has  attained  nearly  its  full  growth  but 
W'hile  it  is  still  young  and  succulent  and  has  not  become  hard  and 
woody.  This  stage  will  vary  somewhat  in  the  same  locality  on 
account  of  the  difference  in  weather  conditions  from  season  to  season, 
so  that  each  farmer  must  use  his  own  judgment  in  determining 
whether  the  grain  has  reached  the  proper  stage  for  plowing  under. 
As  soon  as  it  is  plowed  under,  the  ground  should  be  thoroughly 
packed  and  harrowed  in  order  to  prevent  the  rye  straw  from  drying 
out  in  the  soil  instead  of  rotting.  After  the  rye  has  been  turned 
^nder,  the  field  should  be  treated  like  summer  tillage  for  the  remainder 
of  the  season  until  the  following  spring,  provided  a  spring  crop  is  to 
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be  sown.  If  the  field  is  to  be  sown  to  winter  grain  in  the  fall,  the 
treatment  should  be  the  same  as  the  summer  tillage  up  to  the  time 
of  seeding. 

If  this  rotation  is  adopted  and  the  plowing  under  of  the  winter  rye 
is  carefully  done  and  the  after-culture  is  sufficiently  thorough,  much 
better  results  will  undoubtedly  be  obtained  than  from  the  simmier 
tillage  without  the  growing  of  a  crop  for  turning  under.  The  grest 
objection  to  summer  tillage  is  the  fact  that  it  is  very  destructive  to 
the  organic  matter  or  humus  in  the  soil,  while  this  rotation  will  pre- 
serve and  even  increase  the  organic  matter  in  the  soil.  The  c^ist  d 
seeding  the  field  to  rye  is  not  great,  and  the  labor  involved  is  no  more 
than  would  be  necessary  for  the  summer  tillage  carried  on  as  thor- 
oughly as  it  should  be. 

FOUR-YEAR   ROTATION  (NO.  5). 


Field  A,  40  Acres. 

1910.  Corn. 

1911.  Wheat,  winter  or  spring. 

1912.  Field  peas  or  cowpeas  turned  under 

in  spring. 

1913.  Oats,  barley,  emmer,  or  wheat. 

Field  B,  40  Acres. 

1910.  Wheat,  winter  or  spring. 

1911.  Field  peas  or  cowpeas  turned  under 

in  spring. 

1912.  Oats,  barley,  emmer,  or  wheat. 

1913.  Corn. 


Field  C,  40  Acres. 

1910.  Field  peas  or  cowx)eas  turned  under 

in  spring. 

1911.  Oats,  barley,  emmer,  or  wheat. 

1912.  Corn. 

1913.  Wheat,  winter  or  spring. 

Field  D,  40  Acres. 

1910.  Oats,  barley,  emmer,  or  wheat. 

1911.  Com. 

1912.  Wheat,  winter  or  spring. 

1913.  Field  peas  or  cowpeas  turned  under 

in  spring. 


Rotation  No.  5  is  exactly  like  rotation  No.  4  except  that  field  peas 
or  cowpeas  will  be  used  in  the  place  of  the  winter  rye.     As  both  of 
these  crops  have  the  power  of  gathering  the  free  nitrogen  from  iht 
air  and  converting  it  into  forms  in  which  it  can  be  used  by  succeeding 
crops,  they  are  preferable  in  this  respect  to  winter  rye.     The  prepa- 
ration of  the  land  during  the  fall  after  the  wheat  has  been  remoTcd 
should  be  the  same  as  that  recommended  for  fall  plowing  for  other 
crops.     In  the  spring  the  field  peas  or  cowpeas  should  be  sown  as 
early  as  climatic  conditions  will  permit.     The  time  of  seeding  will,  of 
course,  depend  upon  the  locality,  and  the  rate  of  seeding  should 
depend  upon  the  fertility  of  the  soil.     As  heavy  a  seeding  should  be 
given  as  the  soil  is  capable  of  developing,  as  it  is  desirable,  of  course, 
to  get  as  large  an  amount  of  growth  for  turning  under  as  possible. 
Some  very  favorable  results  have  been  obtained  by  substituting  sweet 
clover  {Melilotus  alba)  for  peas.     When  this  is  done,  the  sweet  cJover 
should  be  sown  with  the  wheat  crop  and  plowed  under  the  next  sea- 
son before  any  seeds  have  matured,  as  it  becomes  a  very  bad  weed 
in  some  localities. 
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WJiat  has  already  been  said  concerning  the  stage  of  growth  of  the 
e  and  also  concerning  the  treatment  of  the  field  after  plowing  under 
e  crop  will  apply  equally  well  to  either  field  peas,  cowpeas,  or  sweet 
>ver. 

THE  PBINCIPI^S  OF  CHOP  BOTATION. 
FACTORS    INVOLVED. 

Crop  rotation,  with  its  concomitant  features  of  farm  organization, 
versification  of  crops,  and  stock  raising,  is  destined  to  become  the 
ost  important  problem  in  the  agricultural  development  of  the  Great 
alns.  It  is  therefore  worthy  of  the  most  careful  study  by  all  who 
e  interested  directly  or  indirectly  in  this  development.  It  is  one  of 
e  most  complex  and  difficult  of  agricultural  problems.  The  prin- 
pal  difficulties  arise  from  the  fact  that  the  planning  of  a  rotation 

a  long-time  proposition,  the  laying  out  of  plans  reaching  many 
^ars  into  the  future,  which  makes  it  necessary  to  deal  with  factors 
hich  are  constantly  changing,  both  absolutely  and  relatively.     Some 

these  changing  factors  are:  The  constantly  varying  absolute  and 
lative  prices  of  all  the  crops  grown,  of  the  live  stock  to  which  some 
'  these  crops  must  be  fed,  and  of  the  products  of  this  live  stock;  vari- 
>le  weather  conditions;  the  attacks  of  diseases  and  insect  enemies, 
here  the  same  crop  is  grown  too  frequently  on  the  same  land;  the 
trying  cost  of  labor;  the  uncertainty  and,  in  some  instances,  the 
tier  impracticability  of  raising  perennial  crops  for  meadow  or  pas- 
ire;  and  many  others  which  will  readily  occur  to  the  thoughtful 
indent  of  the  problem. 

In  no  field  of  scientific  investigation  or  of  the  practical  application 
F  scientific  principles  is  dogmatism  more  utterly  out  of  place  than 
I  the  study  or  practice  of  crop  rotation.  The  factors  of  the  prob- 
nn  are  so  local  and  individual  in  their  nature,  so  closely  associated 
ith  the  local  characteristics  of  each  farm  and  its  environment  and 
lie  individual  tastes,  abilities,  and  limitations  of  each  farmer,  that 
o  definite  and  specific  directions  can  be  given  for  establishing  a 
otation  for  any  farm  until  all  the  factors  are  carefully  studied. 
liere  are,  however,  certain  general  principles  which  are  fairly  well 
stablished.  There  are  others  which  are  strongly  indicated  by  the 
avestigations  which  have  been  described,  but  which  may  be  either 
irmly  established  or  disproved  by  a  continuation  of  these  investiga- 
ions.  Among  the  established  principles  may  be  mentioned  the 
bUowing: 

(1)  AUcropsmay  be  roughly  classified  imder  three  heads:  Exhaus- 
ave,  intermediate,  and  restorative.  These  terms  must  not  be  taken 
ioo  literally.  All  crops  which  are  harvested  and  removed  from  the 
land  take  from  it  more  or  less  plant  food  and  might  therefore  be  said 
to  be  *' exhaustive.'*     No  crop  '* restores"  to  the  soil  any  considerar 
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ble  amount'  of  plant  food  unless  it  is  plowed  under  for  green  manuie 
or  is  allowed  to  decay  upon  the  surface.  But,  nevertheless.  cerUm 
crops  leave  the  land  in  poorer  condition  for  a  subsequent  crop  of 
some  particular  kind  than  it  was  before  thej^  were  raised.  Thee 
are  designated  as  *' exhaustive"  crops,  and  include  wheat,  oats,  bM^ 
ley,  rye,  and  millet.  Their  ill  effects  upon  subsequent  crops  may  he 
due  to  a  reduction  of  the  available  plant  food ;  to  an  increased  gro?rt]h 
of  weeds,  fungi,  or  injurious  insects;  to  a  change  in  the  physical  con- 
dition of  the  soil,  particularly  its  water  content;  or  to  a  reduction  in 
the  quantity  or  activity  of  beneficial  lower  organisms.  '*  Restora- 
tive" crops  have  the  opposite  effect.  They  leave  the  soil  in  bett« 
condition  for  certain  crops  than  it  was  before.  Among  restorative 
crops  may  be  mentioned  com,  potatoes,  beans,  peas,  clover,  alfalfa, 
most  cultivated  crops  grown  in  the  Great  Plains,  and  perennial  grasses 
grown  for  meadow  or  pasture.  **  Intermediate"  crops  are  those  that 
have,  in  some  respects,  a  beneficial  effect  upon  certain  crops  wfaidi 
follow  them,  while  in  other  respects  their  influence  is  detrimeDtaL 
The  sorghums,  cane,  milo,  and  kafir  belong  to  this  class.  Their  ben- 
eficial effects  are  due  to  the  fact  that,  like  all  cultivat-ed  crops,  they 
reduce  the  amount  of  weeds  in  subsequent  crops;  their  detrimental 
effects  upon  subsequent  crops  seem  to  be  due  to  the  fact  that  tbej 
are  able  to  exhaust  the  soil  moisture  to  a  greater  extent  than  anj 
other  crops  commonly  grown  in  the  Great  Plains. 

(2)  In  addition  to  and  in  a  certain  measure  independent  of  the 
above-mentioned  classification  is  the  problem  of  crop  sequence,  or 
the  relations  which  two  crops  bear  to  each  other  independent  of  anj 
apparent  difference  in  the  conditions  of  the  soil  brought  about  hy 
their  growth.  For  instance,  two  crops  may  be  equally  exhaustive, 
but  when  grown  consecutively,  better  results  will  be  obtained  if  ther 
are  grown  in  one  sequence  than  when  the  opposite  sequence  is  fol- 
lowed. Oats  following  wheat  generally  give  better  results  than 
wheat  following  oats.  Or,  again,  a  restorative  crop  may  have  a 
more  beneficial  effect  upon  some  certain  exhaustive  crop  which  fol- 
lows it  than  it  has  upon  some  other  equally  exhaustive  crop.  Wheat 
generally  responds  more  readily  to  the  effects  of  a  com  crop  than 
does  oats. 

(3)  The  effects  of  the  preparation  of  the  land — time  and  depth  of 
plowing,  disking  instead  of  plowing,  the  amount  of  harrowing  and 
packing  of  the  seed  bed,  etc. — depend  not  only  upon  the  crop  for 
which  preparation  is  being  made,  but  also  upon  the  crop  grown  the 
preceding  year  and  the  previous  soil  treatment. 

(4)  The  selection  of  the  varieties  or  strains  of  the  crops  grown 
which  are  best  adapted  to  the  particular  locality  and  to  the  rotation 
planned  and  the  determination  of  the  quantity  of  seed  to  use  and  of 
the  method  and  time  of  seeding  are  also  of  great  importance. 
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5)  The  keeping  of  as  much  live  stock  of  the  most  profitable  kind 
L  'tlie  feeding  out  upon  the  farm  and  the  returning  of  the  manure 
rhe  land  of  as  large  a  proportion  of  the  crops  raised  as  is  consistent 
h  immediate  profits  is  also  of  great  importance. 
n.  planning  a  rotation  a  recognition  of  the  above-mentioned 
aciples  will  require  that  the  following  rules  be  observed : 

RULES  TO  BE   OBSERVED   IN   PLANNING  ROTATIONS. 

[1)    Select  as  large  a  number  of  restorative  and  as  small  a  number 

exliaustive  crops  as  is  consistent  with  the  general  plan  of  farm 

^&rLization. 

^2)    Arrange  the  crops  in  the  rotation  so  as  to  have  the  exhaustive 

d  restorative  crops  alternate  as  far  as  possible. 

C3)    Observe  the  proper  sequence,  both  between  restorative  and 

bL&ustive  crops  and  between  two  exhaustive  crops  where  it  becomes 

cessary  to  grow  two  such  crops  consecutively. 

C4:)    Select  the  best  varieties  or  strains  and  use  the  quantity  of  seed 

d  the  method  and  time  of  seeding  best  adapted  to  the  locality. 

(5)  Plow  and  prepare  the  seed  bed  at  the  time  and  in  the  manner 
ist  adapted  to  the  crop,  the  soil,  the  climate,  and  the  most  econom- 
H  distribution  of  labor  through  the  year. 

(6)  Obtain  all  available  information  concerning  yields,  cost,  and 
ices  of  crops  grown  in  the  locality,  and  plan  to  grow  those  crops  that 
ill  yield  the  largest  net  return  per  iEicre  with  the  least  depletion  of 
Al  fertility. 

(7)  Feed  as  large  a  proportion  as  possible  of  the  crops  grown  and 
»tum  the  manure  to  the  field. 

(8)  Raise  the  kind  of  live  stock  yielding  the  largest  net  profit  and 
est  adapted  to  the  particular  farm  and  locality  and  to  the  preferences 
f  the  farmer  who  handles  it.  Very  few  farmers  ever  make  a  success 
f  raising  any  kind  of  live  stock  the  care  of  which  they  do  not  enjoy. 

(9)  Use  perennial  grasses,  alfalfa,  or  clover  in  the  rotation  wherever 
racticable,  and  where  it  is  impracticable  to  do  so  raise  rye,  peas,  or 
weet  clover  for  green  manuring  to  maintain  the  humus  in  the  soil. 

It  is  believed  that  the  tentative  conclusions  drawn  from  the  results 
d  the  investigations  described  in  this  bulletin  will  materially  aid  in 
he  establishment  of  rotations  which  will  meet  the  above-mentioned 
'equirements. 

CONCLUSIONS  FBOM  EXPERIMENTS. 

(1)  The  practice  of  summer  tillage  and  alternate  cropping  has  not 
pven  results  to  warrant  its  recoumiendation  as  a  safe  basis  for  a 
permanent  agriculture  in  the  Great  Plains  area,  where  spring-grown 
wheat,  oats,  and  barley  are  the  staple  crops.  It  may,  however,  bo 
resorted  to  as  a  safeguard  or  temporary  expedient  to  guard  against 
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the  total  loss  of  the  crop  where  extreme  drought  is  anticipated,  bat 
it  can  not  be  depended  upon  to  produce  as  profitable  crops  unds 
average  normal  conditions  as  may  be  produced  by  other  iiiethod& 
(See  Tables  I,  II,  III,  XXI,  and  XXIII.) 

(2)  Continuous  cropping  with  moisture-conservation  methods,  it 
volving  early  fall  plowing  and  thorough  fall,  winter,  and  spring  tilltge 
and  harrowing  after  the  grain  is  up  in  the  spring,  has  not  given  aver- 
age results  to  warrant  its  practice.  There  have,  however,  been  a  few 
exceptions  to  this  rule.     (See  Tables  1, 11,  III,  XXI,  and  XXIH.) 

(3)  A  simple  3-year  rotation  of  com,  wheat,  and  oats  has  givai 
more  profitable  returns  than  any  method  of  continuous  croppii^  or 
alternate  cropping  and  summer  tillage  in  fourteen  out  of  sevent«ii 
tests.  In  the  three  instances  where  continuous  cropping  gave  bettff 
returns  the  difference  was  so  small  as  to  be  practically  negligible. 
(See  Table  XXIII  and  the  preceding  tables,  of  which  it  is  a  sumnuiy.) 

(4)  The  two  3-year  rotations  giving  the  best  average  results  tre 
No.  1  (wheat  on  disked  com  ground,  oats  on  fall  plowing,  com  onfall 
plowing)  and  No.  6  (barley  on  disked  com  ground,  oats  on  fall  plowiift 
corn  on  fall  plowing).  These  two  rotations  are  identical  except  that 
barley  has  been  substituted  for  wheat  in  No.  6.  One  or  the  othcf 
of  these  two  rotations  gave  the  best  results  at  nine  of  the  eighteen, 
tests:  Dickinson,  N.  Dak.,  1909,  Edgeley,  N.  Dak.,  1907  and  190S, 
Highmore,  S.  Dak.,  1907,  Bellefourche,  S.  Dak.,  1909,  North  Platte, 
Nebr.,  1908,  Akron,  Colo.,  1909,  Hays,  Kans.,  1908,  and  Amarillo, 
Tex.,  1908.     (See  Table  XXIII.) 

(5)  Rotation  No.  7,  oats,  barley,  com,  all  on  spring-plowed  land, 
gave  the  best  results  at  three  tests:  Highmore,  S.  Dak.,  1908,  Horth 
Platte,  Nebr.,  1909,  and  Garden  City,  Kans.,  1909.  (See  Tabk 
XXIII.) 

(6)  Rotation  No.  3  (wheat,  oats,  com,  all  on  fall  plowing)  and 
rotation  No.  4  (oats  on  disked  com  ground,  wheat  on  fall  plowing; 
com  on  fall  plowing)  each  gave  the  best  results  at  two  tests :  Edgeley, 
N.  Dak.,  1909,  and  Amarillo,  Tex.,  1909,  for  No.  3;  Judith  Ba^ 
Mont.,  1909,  and  North  Platte,  Nebr.,  1907,  for  No.  4.  (See  Table 
XXIII.) 

(7)  Rotation  No.  2  (wheat,  oats,  com,  all  on  spring  plowing)  p^ 
the  best  results  at  only  one  test,  Dickinson,  N.  Dak.,  1908.  (Sbb 
Table  XXIII.) 

(8)  Rotation  No.  9  (oats,  wheat,  com,  all  on  spring  plowing)  faiW 
to  give  the  best  results  at  any  test  and  averaged  42  cents  per  acre 
poorer  than  continuous  cropping.     (See  Table  XXIH.) 

(9)  Summer  tillage  had  been  introduced  in  rotations  Nos.  5  and  8 
in  place  of  com.  These  two  rotations  are  otherwise  identical  with 
rotations  Nos.  1  and  4,  respectively.     A  comparison  of  these  two  paifi 
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i*ot;&tions  shows  that  in  seven  out  of  nineteen  tests  the  com  rota- 
>ris  Cl  and  4)  produced  better  crops  of  wheat  and  oats  than  the 
xnxner-tilled  rotations  (5  and  8).  In  ten  of  the  twelve  tests  where 
Le  yields  of  wheat  and  oats  were  better  on  summer-tilled  rotations 
tCLn  on  com  rotations  the  yield  of  com  was  sufficient  to  more  than 
Isefc  this  difference. 

Tlio  two  tests  where  the  com  crop  did  not  equal  in  value  the  gain 
'om.  summer  tillage  were  Dalhart  and  Amarillo,  Tex.  In  these  tests 
le  crops  of  wheat  and  oats  averaged  only  $1.91  and  $4.49  peracre, 
3spectively. 

The  average  net  gain  of  the  com  rotations  over  the  summer-tilled 
ot&tions  for  all  tests  was  $4.08  per  acre  and  the  results  were  in 
BL^v^or  of  the  com  rotations  in  seventeen  out  of  nineteen  tests.  (See 
[•able  XXIV.) 

(10)  Disking  has  given  better  average  results  than  plowing  com 
itubble  as  a  preparation  for  wheat  in  eleven  out  of  eighteen  tests, 
►he  net  results  being  36  cents  per  acre  in  favor  of  disking.  (See 
rable  XXV.) 

(11)  Fall  plowing  has  given  slightly  better  net  results  than  spring 
plo'wing.  Local  conditions  of  soil  and  climate  influence  the  results 
ao  profoundly  that  no  general  conclusions  can  be  drawn.  The 
natural  character  of  the  soil,  its  physical  condition  at  the  time  of 
plowing,  its  liability  to  blowing  during  the  fall  and  winter,  and  the 
holding  of  snow  by  stubble  during  the  winter  must  all  be  considered 
for  each  farm  and  each  season  in  determining  the  best  time  of  plow- 
ing. The  most  economical  distribution  of  labor  through  the  year  is 
also  an  important  practical  consideration.  (See  Tables  XXVI  and 
XXVII.) 

(12)  When  summer  tillage  is  introduced  in  a  rotation  containing 
both  wheat  and  oats,  slightly  better  average  results  have  been  ob- 
tained when  oats  follow  summer  tillage  and  wheat  follows  oats  than 
where  wheat  follows  summer  tillage  and  oats  follow  wheat.  Local 
conditions  of  soil  and  climate  influence  results  in  this  respect  to  such 
an  extent  that  no  general  rule  can  be  made  to  apply  to  all  stations. 
Certain  stations  give  markedly  better  results  from  one  sequence, 
while  others  give  much  better  results  from  the  opposite  sequence. 
(See  Table  XXVIII.) 

(13)  Where  com,  wheat,  and  oats  have  been  grown  in  a  3-year 
rotation,  better  results  have  been  obtained  in  twenty-four  o.ut  of 
thirty-five  tests  by  following  wheat  after  com  and  com  after  oats. 
At  Judith  Basin,  Mont.,  Highmore  and  Bellefourche,  S.  Dak.,  North 
Platte,  Nebr.,  and  Amarillo,  Tex.,  better  results  have  been  obtained 
from  the  opposite  sequence.  The  greatest  advantage  of  the  com- 
wheat-oats  sequence  was  at  Edgeley,  N.  Dak.,  in  1907,  when  it 
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amounted  to  $6.32  per  acre.  This  was  closely  followed  by  Nordi 
Platte,  Nebr.,  in  1909,  and  Dickinson,  N.  Dak.,  in  1908,  where  il 
amounted  to  $5.24  and  $5.17,  respectively.  Highmore  and  Belle- 
fourche,  S.  Dak.,  are  the  only  stations  showing  markedly  better 
results  from  the  com-oats-wheat  sequence.  The  effects  of  the 
sequence  seem  to  be  less  marked  where  the  com  stubble  is  disked  and 
the  other  plats  fall  plowed  than  where  all  plats  are  spring  plowed. 
(See  Tables  XXIX  and  XXX.) 

(14)  Wherever  a  perennial  meadow  grass,  like  brome-grass  (Bro- 
mu8  inermis),  can  be  profitably  grown  it  should  enter  into  the 
rotation,  which  should  be  not  less  than  five  years  in  duration.  The 
following  has  given  good  results:  Com;  wheat,  winter  or  spring; 
brome-grass,  two  or  three  years;  oats,  barley,  enmier,  or  wheat  (win- 
ter or  spring). 

Flax  may  be  sown  on  the  brome-grass  sod  as  a  catch  crop  after  the 
hay  crop  has  been  harvested.  Where  this  practice  is  adopted  it  will 
of  course  be  impracticable  to  follow  the  flax  with  fall-sown  grain^ 
but  spring-sown  grain  can  be  substituted. 

(15)  Where  it  is  impracticable  to  secilre  a  catch  of  brome-grass 
or  other  meadow  grass  sown  with  the  wheat  crop,  the  grass  should 
be  sown  separately  on  carefully  prepared  ground  in  May  or  June. 
This  will  require  a  rotation  of  at  least  six  years'  duration.  There 
will  be  one  year  (the  year  of  seeding  to  grass)  during  which  one  field 
wiD  yield  no  crop  return,  but  if  flax  is  grown  on  the  meadow  sod 
after  the  hay  has  been  cut  two  crops  will  be  obtained  from  this  field 
in  one  year.  In  this  way  as  many  crops  will  be  grown  as  there  are 
fields  in  the  rotation  system. 

(16)  Wherever  alfalfa  can  be  profitably  grown  it  may  be  substi- 
tuted in  whole  or  in  part  for  the  brome-grass  without  interfering 
with  the  general  plan  of  the  rotation. 

(17)  Wherever  clover  can  be  profitably  grown  it  can  be  sown  with 
the  brome-grass  without  changing  the  general  plan  of  the  rotation: 
or  it  can  be  sown  separately,  either  with  the  wheat  in  a  4-year  rota- 
tion or  without  a  nurse  crop  in  a  5-year  rotation. 

(18)  Where  neither  perennial  grasses  nor  perennial  legumes  or 
clovers  can  be  profitabl^^  raised,  rye,  peas,  or  sweet  clover  should  be 
raised  every  fourth  year  and  plowed  under  for  green  manure.  Rye 
has  so  far  given  better  average  results  than  peas,  sweet  clover,  or 
summer  tillage.  This  seeming  superiority  may  be  due  to  the  fact 
that  the  quantity  of  organic  matter  is  greater  in  the  rye  and  that  it 
can  be  turned  under  earlier  in  the  season,  thus  allowing  the  rains  of 
June  and  July  to  be  conserved  in  the  soil  instead  of  being  consumed 
in  the  growth  of  the  green-manure  crop.  It  seems  quite  probable 
that  the  greater  quantity  of  nitrogen  gathered  and  restored  to  the 
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il  by  the  legumes  will  in  time  overcome  the  advantage  which  the 
•e  now  seems  to  have. 

(19)  Wherever  winter  wheat  can  be  safely  grown  it  should  con- 
it  ute  a  considerable  portion  of  the  small-grain  crop.  The  danger 
om  winterkilling  tends  to  make  it  a  more  precarious  crop  than 
►ring-sown  grains.  On  the  other  hand,  its  earlier  maturity,  which 
equently  allows  it  to  escape  the  droughts  of  early  summer,  and  its 
igher  yield  when  conditions  are  favorable  give  it  a  marked  advan- 
fcge  over  spring  wheat.  It  should  be  raised  in  rotation  with  other 
■ops. 

When  so  raised,  summer  tillage  will  not  usually  be  necessary  or 
ivisable.    Under  certain  circumstances  it  mav  be  found  desirable 

>  summer  till,  as  winter  wheat  certainly  responds  much  more  readily 

>  summer  tillage  than  do  spring-sown  crops.  Summer  tillage  even 
>r  winter  wheat  can  not  be  recommended  as  a  general  or  frequent 
ractice  in  the  Great  Plains  area.  It  is  believed  that  the  plowing 
cider  of  a  green-manure  crop  early  in  the  season  and  proper  treat- 
lent  of  the  soil  from  that  time  until  seeded  to  winter  grain  will 
sually  give  as  good  immediate  results  as  summer  tillage.  There 
Bin  be  little  doubt  as  tp  the  advantage  of  green  manuring  over  sum- 
ler  tillage  in  its  ultimate  effect  upon  the  soil. 

The  conclusions  concerning  summer  tillage  reached  from  our 
ivestigations  throughout  the  Great  Plains  area  are  in  general 
coord  with  those  of  Mr.  W.  P.  Snyder,  superintendent  of  the  Nebraska 
Lgricultural  Experiment  Substation,  at  North  Platte,  Nebr.,  and 
I  Mr.  W.  W.  Burr,  assistant  in  dry-land  agriculture,  detailed  to 
hat  substation  from  the  Bureau  of  Plant  Industry.  We  therefore 
[uote  from  an  article  prepared  by  them  and  published  in  Bulletin 
io.  109  of  the  Agricultural  Experiment  Station  of  Nebraska,  as 
oUows: 

Ultimate  effect  of  summer  tilling. — Frequent  summer  tilling  may  be  more  or  less 
letrimental  to  our  land.  The  changes  which  break  down  the  humus  in  the  soil  go  on 
rery  rapidly  under  the  conditions  afforded  by  summer  tilling  and  must  exhaust  the 
mtire  supply  more  quickly  than  where  some  method  is  practiced  which  does  not 
iimish  so  good  conditions  for  the  destruction  of  humus  in  the  soil. 

We  feel  safe  in  recommending  summer  tillage  for  small  grain,  especially  winter 
prheat,  but  advise  that  a  rotation  be  followed  which  will  keep  up  the  organic  matter  in 
the  soil  and  conserve  its  fertility.  Such  a  rotation  will  probably  use  summer  tillage 
)n  the  same  field  only  once  during  a  series  of  years,  and  will  have  a  grass,  legume,  or 
lome  green  manuring  crop  which  will  put  back  into  the  soil  the  organic  material  taken 
from  it.  Where  sufficient  barnyard  manure  is  to  be  had,  an  application  of  it  once  during 
the  rotation  will  probably  keep  up  the  humus  and  conserve  the  fertility  of  the  soil. 
Where  manure  is  used  it  should  be  applied  aa  evenly  as  possible  on  the  land,  and 
disked  to  mix  it  with  the  rurface.  It  should  be  applied  at  a  time  and  in  such  a  manner 
as  to  be  a  benefit  rather  than  a  harm  to  the  succeeding  crop. 

From  our  experience  we  can  not  lay  down  a  definite  system  of  rotation  for  all  con- 
ditioDB.  The  rotations  must  be  worked  out  to  suit  the  farm  where  they  are  to  be 
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practiced.  A  rotation  that  seems  well  adapted  to  our  conditions  is  as  follows :  SiUBBcr 
tillage,  winter  wheat,  corn,  spring  grain,  cane.  Summer  till  and  sow  winter  whest; 
disk  and  fall  plow  the  wheat  stubble  for  com  the  next  year;  disk  the  com  stubble  fori 
spring  grain — oats,  wheat,  or  barley;  apply  manure  during  the  winter,  disk  in  ^hi^ 
and  plow  for  cane,  which  crop  completes  the  rotation.  To  practice  this  rotation  a  finn 
should  have  at  least  five  fields.  This  5-year  rotation  gives  winter  wheat  on  sunuso- 
tilled  land  to  be  sold  as  a  cash  crop,  com  and  spring  grain  to  be  fed  or  sold  accofdiif 
to  conditions,  and  cane  for  forage.  If  the  forage  and  grains  are  fed,  there  will  b« 
enough  manure  to  apply  in  the  rotation,  covering  one-fifth  of  the  land  each  year. 

In  exclusive  grain  farming,  which  is  a  hazardous  proposition  at  best,  Bosne  crap 
must  be  turned  under  to  keep  up  the  fertility.  This  is  equally  true  whether  sufflinif 
tilling  be  practiced  or  not.  We  have  this  year  obtained  very  good  results  from  greea 
manuring  with  rye  and  with  cowpeas.  The  yield  was  not  up  to  that  on  summer- 
tilled  land,  but  was  nearly  as  large.  In  each  case  the  crop  was  turned  under  and  the 
land  kept  well  tilled  for  the  balance  of  the  summer,  and  the  land  sown  to  grain  in  the 
spring.  If  this  can  be  done  with  a  reasonable  certainty  of  success,  it  may  be  more 
profitable  than  summer  tilling.  It  gives  much  the  same  condition  of  the  land  m 
summer  tillage  and  at  the  same  time  enriches  the  soil  by  the  addition  of  humus.  In 
very  dry  years  it  is  doubtful  if  this  will  give  as  high  yields  as  summer  tilling,  since  thcic 
will  be  hardly  enough  water  to  rot  the  crop  turned  under  and  give  a  good  seed  bed  ii 
which  to  sow  the  next  crop. 

We  feel  that  the  practice  of  summer  tilling  is  and  can  be  kept  profitable  by  sy^ten- 
atic  rotation  of  crops  in  which  summer  tilling  shall  be  used  only  occasionally.  If  used 
without  care  it  may  prove  very  detrimental.  If  used  judiciously  it  will  tend  to  free 
the  fields  from  weeds  and  guard  against  total  crop  failure  and  to  greatly  extend  tke 
winter  wheat  growing  area. 

PBBCIPITATIOX  KBCOBDS. 

Table  XXXI  presents  the  precipitation  records  by  months  for  aO 
stations  reported  upon  in  this  bulletin,  not  only  for  the  year  during 
which  the  tests  were  conducted,  but  also  for  the  year  immediately 
preceding.  A  study  of  this  table  will  give  a  general  idea  of  the 
climatic  conditions  prevailing  at  each  station  for  each  year  of  the 
tests.  It  also  furnishes  some  information  concerning  the  quantity 
of  water  which  may  have  been  stored  in  the  soil  from  the  previous 
year.  It  should,  however,  be  constantly  borne  in  mind  that  the 
character  of  the  rains  and  their  distribution  through  the  month 
greatly  influence  their  availability  to  the  crop.  A  large  part  of 
torrential  rains  may  be  lost  by  run-off.  On  the  other  hand,  whea 
the  rains  are  less  than  one-half  inch  a  day  they  may  be  almost  entirely 
lost  by  evaporation.  Again,  there  may  be  a  heavy  rainfall  durinf 
the  early  part  of  the  month,  followed  by  a  severe  drought  extending 
through  the  remainder  of  that  month  and  the  major  part  of  the  fol- 
lowing month,  with  heavy  precipitation  during  the  later  days- 
Under  such  circumstances  the  monthly  precipitation  for  both  months 
may  seem  to  be  ample,  although  crops  may  have  suffered  severely. 
This  all  goes  to  show  that  neither  the  annual  nor  the  monthly  precipi- 
tation as  here  given  furnishes  a  safe  basis  for  judging  the  weather 
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onditions  in  their  relation  to  crop  production.  These  considera- 
lons  apply  more  aptly  to  cases  where  the  precipitation  seems  to  be 
ufficient.  If  the  monthly  precipitation  shows  a  marked  deficit 
iuring  the  growing  season,  it  is  reasonably  safe  to  assimie  that  the 
rop  suflFered  from  drought. 

An  examination  of  the  accompanying  table  shows  that  when  the 
irhole  record  is  considered  there  was  an  excess  above  normal  pre- 
ipitation  in  16  out  of  30  instances  and  a  deficit  in  10  instances. 
["here  were  4  instances  where  the  record  was  incomplete. 

When  we  consider  only  the  19  cases  where  the  observations  were 
nade  during  the  same  year  that  these  tests  were  made,  we  find  that 
there  was  an  excess  in  11  instances,  a  deficit  in  6,  and  incomplete 
"ecords  in  2. 

Considering  only  the  observations  made  at  the  11  stations  the  year 
;>revious  to  the  tests  reported,  we  find  that  in  5  instances  there  was 
ui  excess,  in  4  a  deficit,  and  in  2  incomplete  records. 

It  is  apparent,  therefore,  that  the  average  annual  precipitation 
bhroughout  the  area  was  somewhat  above  normal,  both  during  the 
^ears  reported  in  these  tests  and  for  the  year  previous  to  the  first 
reported  tests.  A  detailed  study  of  Table  XXXI  in  connection  with 
the  yields  reported  in  the  respective  tests  may  assist  the  reader  in 
the  interpretation  of  results.  For  a  full  discussion  of  these  relations, 
however,  it  would  be  necessary  to  have  the  daily  as  well  as  the 
monthly  precipitation,  for  the  reasons  already  stated.  These 
records  are,  of  course,  on  file  in  the  Office  of  Dry-Land  Agriculture 
Investigations,  but  it  has  not  seemed  advisable  to  enter  into  a  dis- 
cussion of  this  phase  of  the  subject  in  this  bulletin.  It  may,  how- 
ever, be  taken  up  in  some  future  publication. 
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Table  XXXI. — Precipitation  records  for  all  dry-hmd  agriculture  statioM  in  the  Qreat 
Plains  area,  beginning  one  year  prior  to  the  years  reported  upon  in  this  bull^n. 


Station. 


Judith  Basin,  Mont.a. 

Do 

Dickinson,  N.  Dak. . . 

Do 

Do 

Edgeley,  N.  Dak 

Do 

Do 

Do 

Highmo^,  S.  Dak 

Do 

Do 

Do 

Bellefourche,  S.  Dak.b 

Do 

North  Platte,  Nebr... 

Do 

Do 

Do 

Akron,  Colo 

Do 

Hays,  Kans 

Do 

Garden  City,  Kans. . . 

Do 

Dalhart,  Tex 

Do 

Amarillo,  Tex 

Do 

Do 


Yean 

Jan. 

Feb. 

Mar. 

Apr. 

1908 

0.55 

0.49 

0.98 

0.61 

190d 

.90 

.08 

1.22 

.95 

1907 

.80 

.14 

.39 

.30 

1908 

.28 

.73 

1.42 

1,27 

1909 

.27 

.52 

.25 

.51 

1906 

.13 

T. 

.16 

1.58 

1907 

.42 

.06 

.21 

.35 

1908 

.04 

.65 

1.46 

1.26 

1909 

.12 

.25 

T. 

.70 

1905 

.60 

T. 

.60 

1.39 

1906 

.30 

.40 

.80 

2.30 

1907 

1.00 

.40 

1.10 

.68 

1908 

.10 

.93 

.80 

1.55 

1908 

i<^) 

(«) 

(0 

dl.09 

1909 

.17 

.23 

.W 

.77 

1906 

.61 

.80 

2.22 

2.89 

1907 

.39 

.51 

.10 

.43 

1908 

.16 

.78 

.20 

.64 

1909 

.29 

1.61 

.98 

.72 

1908 

.00 

.34 

T. 

1.70 

1909 

T. 

1.38 

3.06 

b.40 

1907 

.64 

.22 

.85 

.60 

1908 

T. 

.92 

T. 

2.18 

1908 

.08 

.67 

.18 

.53 

1909 

.30 

.35 

2.15 

.20 

1908 

T. 

(«) 

(«) 

2.28 

1909 

T. 

.28 

.71 

.17 

1907 

1.11 

.24 

.02 

1.25 

1906 

.26 

.72 

T. 

1.90 

1909 

.07 

.28 

1.28 

.50 

1 

May.  '  June. 


July. 


7. 
1. 
1. 
3. 
5. 
5. 
1. 


31 
84 
36 
50 
78 
59 
89 


T 


3.53 


4. 
5. 
5. 
5. 
2. 
4. 
3. 
2. 
2. 
3. 


.01 

.23 

.00 

11 

.68 

.09 

.87 

.82 

40 

95 

2.32 

3.57 

61.76 

.83 

3.06 

1.29 

3.06 

.53 

1.64 

.99 

3.55 

1.06 


2.45 
6.65 
2.52 
4.30 
3.28 
3.69 
1.73 
3.26 
2.80 
5.64 
2.50 
1.62 
5.78 
1.47 
5.59 
.68 
2. 69 
6.07 
6.46 
»2.30 
63.43 
4.97 
6.02 
4.95 
3.48 
2.83 
5.10 
1.97 
1.73 
4.72 


.%QC. 


0.20 

4.97 

4.  S3 

1.41 

1.89 

3.17 

Z77 

1.19 

3.04 

5.54 

1.19 

3.64 

2.49 

1.26 

2.58 

3.14 

6.79 

3.17 

5.21 

62.42 

6  4.61 

9.15 

2.90 

1.75 

5.22 

3.89 

1.27 

1.49 

5. 40 

3.63 


l.tt 
LS 
LIB 
I.« 
Sl54 
l.ji 

La 

L.ti 

1.3 
3.2 
6.74 

.S 
X.S 
.43 
.S 
5.96 
2.M 
1.5 

i.a 

n.€ 

63.77 
3.13 
5.!6 
S.I9 

.0 
l.C 

.6 
6.9 
2.5 

.ST 


Station. 


Judith  Basin,  Mont.a. 

Do 

Dickinson,  N.  Dak... 

Do 

Do 

Edgeley,  N,  Dak 

Do 

Do 

Do 

Highmore,  S.  Dak 

Do 

Do 

Do 

Bellefourche,  S.  Dak.6 

Do 

North  Platte,  Nebr... 

Do 

Do 

Do 

Akron,  Colo 

Do 

Hays,  Kans 

Do 

Garden  City,  Kans. . . 

Do 

Dalhart,  Tex 

Do 

Amarillo,  Tex 

Do 

Do 


Yeac 


1906 
1909 
1907 
1908 
1909 
1906 
1907 
1908 
1909 
1905 
1906 
1907 
1908 
1908 
1909 
1906 
1907 
1908 
1909 
1908 
1909 
1907 
1908 
1908 
1909 
1908 
1909 
1907 
1908 
1909 


Sept. 


Oct, 


1.41 

6.27 

T. 

4.27 

.49 

0.30 

1.11 

.10 

.02 

1.67 

2.47 

.78 

.83 

1.08 

.29 

1.45 

.93 

1.05 

2.47 

.41 

T. 

1.81 

1.34 

.63 

.89 

.42 

.34 

.56 

1.95 

1.29 

2.81 

2.41 

.96 

1.04 

1.96 

.05 

.62 

2.19 

1.39 

.52 

1.08 

.20 

1.07 

(«) 

(<^) 

4.25 

3.05 

1.01 

2.91 

.14 

.31 

.24 

3.39 

.59 

.77 

.20 

2.24 

6.05 

3.20 

2.00 

6  2.16 

.76 

.48 

1.75 

1.40 

.11 

,81 

1.76 

1.79 

1.04 

1.07 

2.72 

1.20 

.75 

3.77 

.39 

.29 

.93 

2.12 

2.60 

1.21 

.91 

1.79 

.66 

1.83 

.40 

.51 

2.19 

1.18 

3.25 

Nov. 


Dec. 


0.22 

1.20 
.22 
,24 

1.02 
.65 

T. 
.20 
.84 

T. 
,40 
.40 
,31 

1.02 

(0 
.96 

.80 

.20 

1.37 

T. 
.55 

1.76 
.03 
.23 
.70 
.06 
.15 

1.46 
.00 
.54 


Annual. 


21.67 
25.63 
13.67 
19.48 
21.26 
19.96 
11.52 
17.05 
15.14 
26.36 
25.21 
17.28 
22.37 


27.99 
19.61 
19.96 
22.41 
17.06 
22.36 
25.40 
25.33 
16.69 
22.99 


15.99 
18.09 
19.05 
19.59 


Aver- 
age 

normaL 


15.26 


14.96 


19.53 


17.87 


18.88 


19.06 
19.06 


23.48 
18.77 


22.55 


Above 
□onnaL 


6,42 
8.18 


4.53 

6.31 

.43 


ia42 

&45 


6.00 


9.72 
1.02 
1.08 
3.S 


3.30 
2.86 
1.85 


3.61 


6.21 


4.9 


la 


2.01 


3.9D 
2.x 


a  Taken  from  Weather  Report  for  Utica. 

6  From  observations  taken  at  the  agricultural  experiment  stations  and  not  from  Weather  Buien  repoiti 

c  No  report. 

rf  No  record  by  Weather  Bureau  observer 

T."»  trace, 
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crop-rotation  tests,  average  yield  and  value  per  acre,  1906-1909 28-34 

rotations,  comparison 20-40 

cultivation,  study  of  methods 58-59 
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comparison  of  fall  and  spring  plowing 50-M 
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tests  of  various  grains,  average  yield  and  value  per  acre,  1906- 

1909 2844 

value  in  conservation  of  oiganic  matter  in  soil WH 

sequences,  comparison 5J-W 

.  Cultivation,  com.    See  Com,  cultivation. 
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results  of  investi- 
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Dry-land  agriculture.    See  Agriculture,  dry-land. 

Farming,  one-crop,  various  systems,  test  of  merits 14-21 

Fodder,  com.    See  Com,  fodder. 

Grain.    See  Barley,  Com,  Oats,  and  Wheat. 

Great  Plains  area,  continuous  cropping,  comparison  with  alternate  cropping  and 

summer  tillage 14-3J 
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gations      7-J 
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tions    S-1^ 
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data  submitted. .  12-1} 

precipitation,  1904-1909,  by  months 72-74 

Hay,  cost  and  value ^ 

Introduction  to  bulletin " 

Kansas,  cropping  methods,  various  grains,  average  yield  and  value  per  acre, 

1900-1909 2(h2? 

various  grains,  average  price  per  bushel,  1900-1909 25-38 

Matter,  organic^  in  the  soil,  conservation,  rotations S^ 

Moisture,  conservation,  arid  regions,  conditions,  value,  etc 1^ 
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)RY  FARMING  IN  RELATION  TO  RAINFALL 

AND  EVAPORATION. 


INTBX)DncnON. 

This  bulletin  contains  a  discussion  of  dry  farming  in  relation  to 
be  amount  and  character  of  the  rainfall  and  evaporation  in  the 
restem  United  States.  Usually  in  discussing  dry-farming  conditions 
he  annual  precipitation  is  the  only  feature  of  the  rainfall  that  receives 
attention.  But  there  are  other  factors  in  connection  with  the  rain- 
all  that  have  much  to  do  with  the  successful  production  of  crops. 
The  seasonal  distribution  of  the  rain^  the  rate  at  which  the  rain  falls, 
md  the  amount  of  rain  that  is  lost  through  run-off  from  the  surface 
dl  have  an  important  part  in  determining  the  percentage  of  the  total 
'ainfall  that  is  really  available  for  the  use  of  crops.  Finally,  the 
unount  of  evaporation  which  takes  place  during  the  growing  season 
letermines  to  some  extent  the  amount  of  rain  that  is  needed  to  pro- 
duce a  crop,  and  this  varies  greatly  in  different  localities.  Prospec- 
tive settlers  in  these  regions  are  apt  to  give  very  little  attention  to 
climatic  features  other  than  the  total  rainfall.  They  often  do  not 
even  assure  themselves  that  the  figures  given  for  a  region  represent 
the  normal  rainfall  and  not  simply  the  rainfall  for  a  single  year. 
They  ignore  almost  completely  the  seasonal  distribution  of  the  rain, 
the  frequency  of  torrential  rains,  the  loss  of  water  through  surface 
run-oflF,  the  occurrence  of  hail,  and  the  amount  of  evaporation.  It  is 
the  object  of  this  paper  to  bring  the  importance  of  these  factors  to  the 
attention  of  prospective  settlers  in  regions  of  limited  rainfall. 

Tables  are  also  appended  showing  the  normal  rainfall  for  prac- 
tically every  station  in  these  regions  where  precipitation  records  are 
available.  Accurate  information  regarding  the  precipitation  in 
many  sections  of  the  West  is  now  available  as  the  result  of  the 
extended  observations  of  the  United  States  Weather  Bureau.  These 
records,  which  are  often  complete  for  many  years  and  so  become  of 
great  value  to  the  prospective  settler,  have  been  used  in  computing 
the  rainfall  tables  which  are  given  in  the  concluding  pages  of  this 
bulletin.  The  precipitation  tables  are  also  supplemented  by  state 
maps  which  show  at  a  glance  the  distribution  of  the  rainfall  in  the 
State.    Lines  showing  points  of  equal  annual  rainfall  have  been 
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drawn  on  these  maps  where  sufficient  observations  were  available. 
Maps  of  this  kind  have  not  before  been  available  for  these  Western 
States. 

CLASSIFICATION  OF  DBY-FABMINa  REGIONS. 

Dry-farming  regions  are  naturally  classified  on  the  basis  of  rain- 
fall. In  this  country  dry  farming  is  usually  considered  to  be  con- 
fined to  those  regions  in  which  the  annual  rainfall  is  less  than  20 
inches  and  more  than  10  inches.  This  classification  must  be  con- 
sidered as  only  a  rough  approximation,  smce  dry-farming  districts 
can  not  be  outlined  on  the  basis  of  the  annual  rainfall  alone  on  account 
of  the  great  influence  of  the  evaporation  and  the  monthly  distribution 
of  the  rain  in  growing  dry-farm  crops.  Furthermore,  it  is  impossible 
to  say  just  where  ordinary  methods  of  farming  leave  off  and  diy- 
farming  methods  begin.  Dry-farming  methods  are  usually  xmder- 
stood  to  mean  those  which  lead  to  the  conservation  of  moisture,  hut 
the  conception  of  what  these  methods  actually  are  varies  greatly  in 
different  sections  of  the  country.  The  dry  farmer  in  the  Great  Plains, 
where  the  rainfall  is  from  15  to  20  inches,  usually  gets  his  best  results 
with  annual  cropping  methods  combined  with  good  tillage.  On  the 
other  hand,  the  dry  farmers  in  that  part  of  the  Great  Basin  where  the 
rainfall  is  less  than  15  inches  follow  the  method  of  alternate  cropping 
and  summer  tillage  almost  exclusively.  Between  these  two  classes 
there  is  a  third  operating  under  conditions  where  suuMner  tillage  may 
be  necessary  to  insure  returns  on  every  crop,  but  where  it  frequently 
pays  to  take  chances  on  producing  a  crop  on  the  land  each  year. 

The  method  of  alternate  cropping  and  summer  tillage  is  gene^ 
ally  recognized  as  the  most  highly  developed  dry-farming  method 
because  it  gives  better  returns  with  a  lower  annual  rainfall  than  other 
methods.  There  are  considerable  areas  in  central  Utah  that  are  cul- 
tivated in  this  way  where  the  annual  rainfall  does  not  exceed  13  inches. 
It  must  be  remembered,  however,  that  this  is  a  region  of  winter  rain- 
fall, and  that  the  method  of  alternate  cropping  and  summer  tillage 
is  particularly  adapted  for  such  r^ons,  as  we  shall  show  later. 
Therefore,  while  the  method  of  alternate  cropping  and  sunmier  fallow- 
ing is  recognized  as  the  most  highly  developed  dry-farming  method, 
it  does  not  follow  that  it  is  the  best  method  for  all  dry-fanning 
regions  or  that  it  will  always  give  the  best  returns.  In  dry-farming 
sections  where  the  rainfall  is  not  so  limited  as  in  Utah,  and  espe- 
cially in  regions  having  a  summer  rainfall,  other  methods  give  as 
good  or  better  returns. 

IMPOIITANCE  OF  KNOWING  THE  NOBJCAI.  BAINFAIJ.. 

The  rainfall  in  all  parts  of  the  United  States  is  subject  to  wide 
fluctuations  from  year  to  year.  The  West  does  not  appear  to  be 
more  subject  to  these  changes  than  the  East,  but  the  fluctuations 
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ure  felt  more  by  the  dry  farmers  because  they  are  working  upon  a 
:loser  margin.  Crops  in  the  East  are  often  lost  tlirough  drought  arid 
lot  infrequently  under  conditions  where  the  up-to-date  dry  farmer 
^v'ould  have  produced  a  good  crop.  On  account,  then,  of  the  fluc- 
i;Uations  in  rainfall  in  any  locality  from  year  to  year,  it  is  necessary 
n  judging  the  rainfall  of  a  region  to  know  the  average  annual  rainfall, 
>r,  as  it  is  called,  the  normal  rainfall.  This  is  the  only  safe  basis 
jpon  which  the  rainfall  of  any  region  can  be  judged,  and  the  longer 
ihe  records  the  greater  is  the  dependence  that  can  be  placed  upon 
jhe  normal.  While  two  years'  or  three  years'  observations  are  safer 
t,han  a  single  year's  records,  it  is  not  uncommon  for  two  or  three  wet 
(rears  or  for  two  or  three  dry  years  to  follow  one  another  in  succession, 
5o  that  the  yearly  rainfall  obtained  at  such  times  would  be  too  high 
>r  too  low.  Records  for  at  least  five  years,  and  preferably  for  ten 
fears,  are  necessary  to  obtain  the  normal  rainfall  of  a  region,  and 
the  longer  the  records  the  more  reliable  will  be  the  result  obtained. 

lULNT  BAINFALL  STATIONS  NECESSABY  ON  ACCOUNT  OF  IX>CAL 

VABIATIONS  IN  BAINFALL. 

In  studying  the  rainfall  of  a  region  too  much  dependence  must  not 
be  placed  upon  the  records  of  a  single  station,  especially  if  this  station 
is  located  in  a  mountainous  region.  Under  such  conditions  marked 
differences  in  the  annual  rainfall  are  often  found  between  stations 
located  on  the  highlands  and  those  in  the  valleys.  The  cooling  of 
the  moisture-laden  air  through  expansion  as  it  rises  over  a  range  of 
hills  causes  precipitation,  so  that  the  windward  sides  of  mountains 
bave  a  greater  rainfall  than  the  leeward  sides.  This  is  well  illustrated 
in  the  very  heavy  rains  which  occur  all  along  the  west  slope  of  the 
Cascade  Range  in  Washington,  Oregon,  and  northern  California, 
while  the  rainfaU  on  the  east  side  is  very  much  less.  (See  the  rain- 
fall maps  for  Washington,  fig.  22,  and  Oregon,  fig.  17;  also  the  chart 
shown  as  fig.  1.)  This  is  also  well  illustrated  in  Riverside  and  San 
Bernardino  counties  in  southern  California  (see  map,  fig.  7),  where 
a  great  change  in  rainfall  occurs  as  we  go  eastward  a  few  miles. 

These  sudden  changes  in  normal  rainfall  are  not,  however,  confined 
to  the  mountainous  regions;  marked  instances  of  this  kind  occur  in 
the  Great  Plains,  where  changes  in  elevation  are  comparatively  slight. 
For  example,  the  rainfall  in  the  district  around  Aberdeen,  in  Brown 
County,  S.  Dak.,  is  nearly  5  inches  above  that  of  the  surrounding 
sections.  (See  the  South  Dakota  rainfall  map,  fig.  18.)  This  differ- 
ence is  based  upon  observations  extending  over  twenty  years  oi 
more;  and  the  effect  upon  the  crops  has  been  so  marked  that  the 
farmers  generally  recognize  that  good  crops  may  be  found  in  this 
section  when  the  surrounding  regions  are  suffering  from  drought. 
It  is  important,  then,  to  have  as  many  rainfall  stations  as  possible 
in  order  to  measure  accurately  the  annual  precipitation. 
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The  accompanjing  chart  (fig.  1)  shows  the  annual  nunfall  m  the 
western  United  States,  and  has  been  prepared  by  the  writcrB  with 
particular  reference  to  dry-farming  r^ions."     The   region  repre- 
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Fia.  1.— Chart  showtng  the  dtottlbuHoO  of  the  ■ 


le  dry-Iannliif  v 


sented  in  the  chart  has  been  divided  into  zones,  the  boundaries  of  w 
zones  being  represented  by  Unes  along  which  the  nunfall  b  unifonn- 
For  example,  the  heavy  curved  line  marked  20,  starting  in  the  no^tJ^ 

a TbJH  (-hart  19  based  upon  the  etate  raiDfall  maps  (see  pp.  33  to 45),  which i))c'<i^ ' 
Ihi!  available  rainfikll  records  of  tie  Weather  Bureau  to  January,  1910. 
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istern  corner  of  North  Dakota  and  passing  southward  through 
antral  South  Dakota^  central  Nebraska,  western  Kansas,  and  the 
anhandle  of  Texas,  passes  through  points  in  these  States  where  the 
>nnal  annual  rainfall  is  20  inches.  The  average  annual  rainfall  of 
16  country  lying  to  the  east  of  this  line  is  in  general  more  than  20 
tches  and  to  the  west  of  this  line  less  than  20  inches.  This  line, 
^presenting  points  having  a  normal  annual  rainfall  of  20  inches,  is 
bout  4®  of  longitude,  or  approximately  200  miles,  farther  west 
i  Texas  than  in  North  Dakota. 

The  line  representing  an  average  annual  rainfall  of  15  inches  ex- 
jnds  west  in  North  Dakota  nearly  to  the  western  boundary,  then 
ends  eastward  and  passes  through  the  center  of  South  Dakota,  then 
ins  westward  through  the  southwestern  corner  of  Wyoming,  and 
laking  a  detour  in  the  mountainous  region  of  Colorado  passes 
lurough  the  eastern  part  of  that  State  and  southward  through  the 
antral  portion  of  New  Mexico.  The  country  lying  between  this 
jne  of  15  inches  annual  rainfall  and  the  line  of  20  inches  annual 
Mnfall  to  the  east  has,  then,  an  annual  rainfall  of  15  to  20  inches, 
be  rainfall  becoming  greater  as  the  20-inch  line  is  approached.  A 
Kond  region  in  which  the  annual  rainfall  is  between  15  inches  and 
1^  inches  is  shown  in  central  Montana  and  northwestern  Wyoming, 
[third  region  having  this  rainfall  is  to  be  found  in  northwestern 
oming  and  central  Idaho  and  northeastern  Oregon.  Similar 
exist  in  northern  Utah,  in  the  mountainous  part  of  Arizona, 

in  northeastern  California. 

le  line  representing  10  inches  of  annual  rainfall  passes  north 

west  through  the  central  part  of  California  and  through  extreme 

im   Nevada,   southeastern  Oregon,   and   western  Idaho,   then 

ids  sharply  southward,  making  a  great  loop  in  the  State  of  Utah, 

runs  through  southwestern  Wyoming,  extreme  western  and 

ithwestem  Colorado,   northwestern   New  Mexico,   and  northern 

western  Arizona.  The  unshaded  area  lying  within  this  boundary 
IBS  an  annual  rainfall  of  less  than  10  inches.  This  area  as  a  whole 
las  not  sufficient  rainfall  to  make  dry  farming  profitable,  as  it  is 
tftrried  on  at  the  present  time.  The  conditions  are  much  more 
levere  in  the  southern  part  of  this  area,  owing  to  the  higher  evapora- 
ion.  It  is  possible  that  grain  may  eventually  be  produced  along 
•he  extreme  northern  border,  particularly  where  other  conditions  are 
specially  favorable. 

In  southern  Washington  a  second  region  is  to  be  found  in  which 
ihe  annual  rainfall  is  less  than  10  inches.  The  evaporation  in  this 
region  is  much  lower  than  in  the  sections  just  mentioned.  It  has 
been  found  possible  to  produce  wheat  successfully  within  the  borders 
Df  this  region  on  an  annual  rainfall  of  about  9  inches,  using  the 
method  of  alternate  cropping  and  summer  tillage. 
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Those  areas  which  are  included  between  the  lO-inch  and  20-inrh 
line»<  of  annual  rainfall  serve,  then,  to  represent  in  a  general  way  tbe 
(Iry-farouDg  areas  of  the  United  States  so  far  as  they  may  be  defined 
through  rainfall.  It  must  be  constantly  borne  in  mind,  however, 
that  conditions  are  more  severe  in  the  southern  part  of  the  region 
than  in  the  northern  part,  owing  to  the  high  temperature  and  greater 
evaporation;  so  that  regions  having  the  same  rainfall  are  by  no 
means  equally  well  adapted  to  the  production  of  crops. 

0OMFAB.ISON  OF  THE  HONTQX.T  DISTBIBUTIOH  OF  B.AIMFAXL  JSt 
THE  O&EAT  PUklNS,  INTEfillOUVTAIN,  AND  PACIFIO  COAffT 
BSaiONS. 

The  monthly  distribution  of  the  rainfall  in  the  western  United 
States  can  be  divided  roughly  into  three  types — the  summer  rainfall 


//^£PAfO(//Vr/i/M     Gff£AT  PUt/A/S. 


DAL  L  £S,  OREGON 


BfSAMRCH,  f^-  £>. 


BO/S£.  /i3AHO. 


OGD£/V,  UTAH. 


ItntHmmtn 


LOS  Af/G£L£S.  CAL. 


mitOWAN,  UTAH. 

nuMuiiDnHMmnf 
itttitlniiBi; 


Flo.  2.— Chart  gbowtng  the  moDtbl^  dbtrlbuUon  of  the  nhiMl  at  nprtsenlatlTC  stsOom  Id  tbc  Gmt 
Plains,  lutcrmounUIn,  and  Paclfla  c«st  ngloQi.  The  leagth  ot  the  black  Hnes  Id  earb  dlienin  np- 
resents  tbc  monthly  pmlpItalloD  at  that  place,  beginning  «lth  Januxr  on  tb?  ktt.  Ttie  srale  la 
Inrhn  given  on  the  right  o[  each  diagram  canbeiued  to  Hud  the  actual  amount  ol  the  monthly  raln&lL 
For  eiample,  the  average  moothlf  rainfall  at  Bismarck,  N.  Dak.,  lot  Jane  Is  ko)  to  be  3}  Inches.  whOe 
lor  July  11  Is  only  a  little  more  than  1 1nches.  It  will  he  noted  that  In  the  PadQc  coast  region  tbe  nln 
comes  priiiiipally  durlag  the  flist  and  last  months  of  the  year,  that  Is,  In  the  idnter,  while  In  Ibe  Qnat 
I'lalns  the  rain  comes  principally  during  tbe  middk  of  tbe  yew,  that  \s.  In  tbe  summer  monlhs. 

of  the  Great  Plains,  the  winter  and  spring  rainfall  of  the  Inler- 
mountain  district,  and  the  winter  rainfall  of  the  Pacific  coast  region. 
These  three  types  are  illustrated  in  figure  2,  which  shows  the  monthly 
rainfall  for  three  stations  in  each  of  these  regions.  It  will  be  noteil 
that  for  Bismarck,  N.  Dak.,  North  Platte,  Nebr.,  and  Amarillo,  Tes., 
which  are  typical  Great  Plains  stations,  the  rain  occurs  principally 
liuring  the  months  of  June,  July,  and  August,  and  that  the  winter 
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nonths  are  very  dry.  In  fact,  about  three-fourths  of  the  total  rain- 
'all  of  the  yesiT  at  these  stations  occurs  during  the  six  summer  months, 
'rom  April  to  September,  inclusivCc 

In  the  Pacific  coast  region,  on  the  other  hand,  the  rainfall  occurs 
iJmost  entirely  during  the  winter  months,  and  it  will  be  seen  from 
:he  chart  that  the  summer  months  Are  very  dry.  The  rainfall  dis- 
iiribution  in  the  Pacific  coast  region  is,  then,  exactly  opposite  to 
^hat  found  in  the  Great  Plains.  In  the  Intermountain  region  the 
naximum  precipitation  occurs  during  the  late  winter  and  spring 
xionths.  Thus  there  is  here  a  distribution  intermediate  between 
:»hat  of  the  winter  precipitation  of  the  Pacific  slope  and  the  summer 
precipitation  of  the  Great  Plains. 

The  monthly  distribution  of  the  rainfall  over  the  western  portion  of 
the  United  States  is  presented  diagrammatically  on  the  map  shown 
AS  figure  1,  which  has  been  adapted  from  Bulletin  N  of  the  United 
States  Weather  Bureau.  The  change  from  a  summer  rainfall  in  the 
Grreat  Plains  to  a  winter  rainfall  on  the  Pacific  coast  is  very  marked, 
and  the  intermediate  types  are  shown  in  the  intervening  country. 
In  Arizona  we  find  that  the  rainfall  is  divided  into  two  periods  during 
a  year,  a  rainy  season  occurring  during  the  winter  months  and  a 
second  rainy  season  in  July  and  August,  the  latter  being  the  greater. 

THE    BELATIOK   OF   MONTHLY   DISTBIBTITION   OF   RAINFALL   TO 

FABM  PRACTICE. 

In  regions  where  the  annual  rainfall  is  low  the  monthly  distribu- 
tion of  the  rainfall  determines  to  a  large  extent  the  farm  practice  of 
the  region.     A  comparison  of  the  systems  of  dry  farming  employed 
in  the  Great  Basin  and  in  the  Great  Plains  will  make  this  clear.     In 
Utah  and  in  a  large  part  of  the  Great  Basin  country  the  precipitation 
comes  largely  in  the  winter  and  early  spring.     In  consequence,  spring 
wheat  is  not  a  successful  crop  in  this  region  for  two  reasons:  (1)  The 
land  can  not  be  fitted  for  sowing  until  late  in  the  season,  owing  to  the 
spring  rains,  and  (2)  the  driest  part  of  the  season  occurs  just  when 
the  spring-wheat  crop  would  be  maturing.     On  the  other  hand,  the 
conditions  in  this  region  are  almost  ideal  for  growing  winter  wheat 
on  summer-tilled  land.     The  land  is  plowed  in  the  fall  so  as  to  be 
left  in  the  best  condition  for  holding  the  snow  and  the  winter  and 
spring  rains.     It  is  then  kept  well  tilled  during  the  summer  and  con- 
tains sufficient  moisture  to  start  the  crop  in  the  fall.     If  a  fall  rain 
occurs  about  seeding  time  conditions  are  especially  favorable.     The 
fall-sown  crop  is  tlien  able  to  take  advantage  of  the  winter  and  spring 
precipitation  and   matures  before  the  driest  part  of  the  season  is 
reached.     Clean  summer  fallowing   (sunmior  tillage)   is  considered 
absolutely  necessary  in  this  region  in  order  to  be  sure  of  a  successful 
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crop  on  account  of  the  low  rainfall  in  the  autumn  months  and  for 
the  purpose  of  supplementing  the  low  annual  rainfall.* 

In  the  Great  Plains  the  monthly  distribution  of  the  rainfall  is 
quite  different  from  that  of  the  Intermountain  region,  the  greatesi 
monthly  rainfall  occurring  in  June,  July,  and  August.  Sununer  till- 
age for  moisture  conservation  is  not  so  well  adapted  to  this  r^ioD. 
The  frequent  rains  during  the  summer  months  repeatedly  pack  the 
surface  mulch  on  the  summer- tilled  land.  This  requires  frequent 
cultivation  in  order  to  avoid  the  loss  of  water  by  evaporation,  and  so 
increases  the  expense  of  maintaining  the  mulch.  Owing  to  the  high 
evaporation  in  the  Great  Plains  during  the  summer  months,  veiy 
little  water  will  be  stored  in  the  summer-fallowed  land  unless  the 
mulch  is  carefully  kept  up  by  thorough  cultivation  after  every  rain. 
The  higher  annual  precipitation  in  the  Great  Plains  and  the  increased 
cost  of  maintaining  a  good  mulch  on  summer-tilled  land  have  thus 
combined  to  make  summer  fallowing  in  this  region  much  less  p<^u- 
lar  than  in  the  Great  Basin  country.  Furthermore,  the  blowing  of 
the  dry  surface  mulch  of  the  summer  fallow  sometimes  becomes  very 
serious  in  the  Great  Plains  owing  to  high  winds. 

For  the  above  reasons  annual  cropping  is  laigely  used  in  preference 
to  summer  tillage  in  the  Great  Plains,  although  in  some  parts  of  the 
area  summer-tillage  methods  are  considered  necessary  to  insure 
sufficient  moisture,  even  at  the  cost  of  the  increased  labor  necessaiy 
to  maintain  the  surface  mulch.  Spring  grains  are  generally  used 
under  the  annual  cropping  method,  since  the  crop  escapes  the  dir 
fall  and  winter,  and  the  land,  having  been  recently  worked,  is  in  th? 
best  condition  t^  absorb  the  summer  rainfall.  The  shade  of  the 
growing  crop  partially  protects  the  ground  from  excessive  loss  of 
water  by  evaporation,  while  the  small  summer  showers  that  are  use- 
less on  summer-tilled  land  always  help  the  growing  crop.  Thus  v^e 
have  a  radically  different  system  of  farm  practice  in  the  Great  Plains 
from  that  found  in  the  Intermountain  country,  owing  in  part  to  the 
difference  in  the  distribution  of  the  monthly  rainfall  of  the  two 
regions  and  in  part  to  the  greater  rainfall  in  the  Great  Plains. 

THE  RELATION  OF  THE  CHARACTER  OF  RAINFAIJ[«  TO  ITS  tTSK- 

FDXNESS. 

The  way  in  which  the  rain  comes  has  a  great  deal  to  do  with  its 
usefulness.  Summer-fallowing  methods,  for  example,  are  not  well 
adapted  to  regions  in  which  the  rainfall  comes  largely  in  the  form  of 
little  showers  from  one-tenth  to  one-half  inch.  Rains  of  this  kind 
penetrate  the  soil  only^  a  few  inches,  and  the  water  is  practicaUy  all 

a  See  "Arid  Farming  in  Utah,"  by  Widtsoe  and  Merrill,  Bulletin  91,  Utah  A^cal- 
tural  Experiment  Station;  also  *'Dry  Fanning  in  the  Great  Basin,"  by  C.  S.  ScofieM. 
Bulletin  103,  Bureau  of  Plant  Industry,  U.  S.  Department  of  Agriculture, 
J3a 
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)RY  FARMING  IN  RELATION  TO  RAINFALL 

AND  EVAPORATION. 


INTBODUCTION. 

This  bulletin  contains  a  discussion  of  dry  farming  in  relation  to 
lie  amount  and  character  of  the  rainfall  and  evaporation  in  the 
urestem  United  States.  Usually  in  discussing  dry-farming  conditions 
he  annual  precipitation  is  the  only  feature  of  the  rainfall  that  receives 
attention.  But  there  are  other  factors  in  connection  with  the  rain* 
fall  that  have  much  to  do  with  the  successful  production  of  crops. 
rhe  seasonal  distribution  of  the  rain,  the  rate  at  which  the  rain  faUs, 
stnd  the  amount  of  rain  that  is  lost  through  run-off  from  the  surface 
Bill  have  an  important  part  in  determining  the  percentage  of  the  total 
rainfall  that  is  really  available  for  the  use  of  crops.  Finally,  the 
amount  of  evaporation  which  takes  place  during  the  growing  season 
determines  to  some  extent  the  amount  of  rain  that  is  needed  to  pro- 
duce a  crop,  and  this  varies  greatly  in  different  locaUties.  Prospec- 
tive settlers  in  these  regions  are  apt  to  give  very  little  attention  to 
climatic  features  other  than  the  total  rainfall.  They  often  do  not 
even  assure  themselves  that  the  figures  given  for  a  region  represent 
the  normal  rainfall  and  not  simply  the  rainfall  for  a  single  year. 
They  ignore  almost  completely  the  seasonal  distribution  of  the  rain, 
the  frequency  of  torrential  rains,  the  loss  of  water  through  surface 
run-off,  the  occurrence  of  hail,  and  the  amount  of  evaporation.  It  is 
the  object  of  this  paper  to  bring  the  importance  of  these  factors  to  the 
attention  of  prospective  settlers  in  regions  of  limited  rainfall. 

Tables  are  also  appended  showing  the  normal  rainfall  for  prac- 
tically every  station  in  these  regions  where  precipitation  records  are 
available.  Accurate  information  regarding  the  precipitation  in 
many  sections  of  the  West  is  now  available  as  the  result  of  the 
extended  observations  of  the  United  States  Weather  Bureau.  These 
records,  which  are  often  complete  for  many  years  and  so  become  of 
great  value  to  the  prospective  settler,  have  been  used  in  computing 
the  rainfall  tables  which  are  given  in  the  concluding  pages  of  this 
bulletin.  The  precipitation  tables  are  also  supplemented  by  state 
maps  which  show  at  a  glance  the  distribution  of  the  rainfall  in  the 
State.    Lines  showing  points  of  equal  annual  rainfall  have  been 
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All  of  the  results  are  not,  therefore,  directly  comparable.  The  jnettr 
urements  at  stations  printed  in  heavy-faced  tjrpe  have  been  nude 
as  a  part  of  the  physical  inYestigationscacried  on  at  the  dry-famuDg 
stations  of  the  Bureau  of  Haat  Industry  and  can  be  direetly  ooift- 
pared. 

Table  I. — Evaporation  Jrom  a  tank  during  the  six  summer  months  from  Apnl  to 
September^  tnc/imve,  at  various  points  in  the  United  States. 

[The  figures  given  represent  the  total  number  of  Incbcdi  eTaporated  during  this  period.) 


State. 


Arizona. 


California. 


Colorado. 


Kansas 

Massachusetts. 

Michigan 


Montana. 
Nebraska. 


Nevada. 


New  Jersey. 
New  Mexico. 


New  York 

North  Dakota. 


City  or  town. 


Tucson. 
Yuma., 


Calexioo 

Kingsburg  Bridge. . 

Lakeport 

LakeTahoe 


Pomona 

Sweetwater 

Tulare 

Akron 

Fort  Collins 

Grand  Valley 

Rocky  Ford 

Hays 

Gardes  City 

Boston: 

Beacon  HiH... 

Chestnut  Hill. 

Detroit 

Monroe 

Thunder  Bay 

Jndlth  Basin 

Lincoln 

North  Platte 

Fallon 

Reno 


New  Brunswick. 


Carlsbad... 
LasCruoes. 
Rochester. . 
Dickinson. 
EdMley... 
WlTlIston. 


Nti]». 
berof 


3 
3 


1 

4 
2 
2 

1 

5 
1 
2 
15 
1 
1 
3 
2 


4 

5 
4 
1 
11 
3 
2 
2 


1 
3 
5 
3 
3 
1 


Date. 


fiTipCRfr 


1892-3-4 

1008 »S7.8 

1904 ea 

1907 

1903-4 

1882-3-1-5 

1901,1902 

1900 ^30.7 

1901 *21.6 

1909-4 

1880-40-91-92,1897 

1903-4 

1908  to  1909,  Inclusive 

1887  to  1902 

1901 

1901 

1907  to  1909,  inclusive 

1906  to  1909,  inclusive 


I) 

I 


1861  to  1864,  inclusive 

1863  to  1867,  inclusive 

1862  to  1865,  Inclusive 

1909 

1890  to  1909,  inclusive 

1907  to  1909,  Inclusive 

1908  to  1909,  inclusive 

1894 «37,5 

1900 x..r42,3 

1900-1901 *29.1 

1901-2 129.9 

1899 

i899,i'9bb','ia)i.'.'.l".!!  ]".!!!!!!! 


1907  to  1900^  inekutv*. 
1907  to  1909,  inclualye. 
1900 


«5iS 

'at 

/ftl 

a.1 
<a« 

41 
I** 

ifi.« 
4U 
Gfi 

•&I 
•&t 

•  &1 

•aoLi 

•At 

tu 

F3i8 

4li 
5U 

ai 

as 

«tti 

Sii 
ttJ 


a  Arizona  Agricultural  Experim«Dt  Station  Bulletin  27. 
b  Engineering  News,  vol.  51,  p.  248. 
c  Water-supply  Papers,  No.  133,  p.  32. 
d  Engineering  Record,  vol.  51,  p.  430. 
«  Water-supply  Papers,  No.  81,  p.  27. 
/Idem,  p.  wi2. 
(7 Idem,  p  21. 

h  First  Annual  Report  Reclamation  Service,  1902,  p.  230.    Estimated  from  5  months'  recofd. 
s  Colorado  Agricultural  Experiment  Station  Bulletin  45,  p^  26. 
i  Fifteenth  Annual  Report  Colorado  AgricuKunl  Expertment  Station,  p.  20S. 
k  Report  Irrigation  Investigations,  Office  of  Experfanent  Stations,  1901,  p.  284. 
'Idem,  p.  31. 

m  Transactions  American  Society  of  Civil  Engineers,  vol.  15,  p.  606  (1868  omitted,  the  records  for  tint  yitf 
not  being  complete), 
n  Idem,  p.  618. 

o  Report  Chief  of  Engineers,  U.  8.  Army,  1888,  p.  €78  (Mav  4  to  October  6). 
P  Nebraska  Agricultural  Experiment  Station.    Data  furnished  by  Proi.  EG.  Montgomery. 
g  Water-supply  Papers,  No.  81,  p.  22  (May  11  to  October  30). 

r  Report  Irrigation  investigations,  Office  of  Experiment  Stations,  1900,  p.  151  (May  4  to  October  21)- 
<  Report  Irrigation  Investigations,  OfRce  of  Experiment  Stations,  1901,  p.  353  (April  4  to  November X^ 
t  Report  Irrigation  Investigations,  Offloeof  Experiment  Stations,  1902,  p.  247. 
•  Idem,  p.  31  (May  1  to  November  11). 

t>  New  Mexico  Agricultural  Experiment  Station  Bulletin  59,  p.  43. 
w  Colorado  Agricultural  Experiment  Station  Bulletin  45,  p.  27. 
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LBis  I. — Evaporation  from  a  tank  during  the  m  aummer  months  from  April  to 
September,  inclusive,  at  various  points  in  the  United  5tafea— Continued. 


Stata 


lio 

ath  Dakota 

ah 

lataiDKtoii 
iKomin. . 

foming... 


City  or  towD. 


Cleveland 

Bellefourclie. 

Hlghmore 

Anarllto 

Dalhart 

San  Antonto. 

Corinne 

Fort  Douglas. 

Logan 

Neplil 

Pnwser 

Milwaukee 

Stevens  Point. 

Laramie 


Num- 
ber of 
years 


6 
2 
1 
3 
2 
3 
1 
3 
1 
2 
2 

T) 
2 

7 


Date. 


1862  to  1807,  inclusive 

1908  to  1909,  inclusive 

1907 

1907  to  1909,  inclusive 

1908  to  1909,  inclusive 

1907  to  1909,  inclusive 

1901 

1890-1-2 

1901 

1906  to  1900,  inclusive 

1900 24.6 

1901 30.6 

1863  to  1867 

1901 /28.2 

1902 ^29.4 

1893-1898,1901 


Evapora- 
tion. 


a24.6 

88.0 

88.7 

52.4 

64.6 

45.7 

6  40.1 

«30.7 

<(34.3 

42.0 


627.6 

e26.9 

28.8 

A  39. 4 


'Report  Chief  of  Engineers,  U.  S.  Army,  1868,  p.  978. 

•  R^wrt  Irrigation  InvestigatloDs,  Office  of  Experiment  Stations,  1901,  p.  31  (May  18  to  November  9). 

he  records  for  Prosser  are  for  1900,  May  0  to  October  29,  and  1901,  April  22  to  October  28.) 

(Water-Supply  Papers.  No.  7,  p.  20. 

(Utah  A nicuUurar College  Bulletin  80. 1901,  p.  77. 

(Report  Chief  of  Ensineers,  U.  S.  Armv.  1868.  p.  978. 

^ Report  Irrigation  inYestigatlons,  Office  of  Experiment  Stations,  1901,  p.  335  (estimated  from  3  months' 

DCds). 

rReport  Irrigation  Investigations,  Office  of  Experiment  Stations,  1902,  p.  232  (estimated  from  4  months' 

scds). 

^For  xeeorda  1898  to  1898,  inclusive,  see  Water-Supply  Papers,  No.  81,  p.  21. 

18B3 37.1  inohes  (estimated  from  records  April  24  to  September  30). 

1894 38.5  inches  (estimated  from  records  April  26  to  September  30). 

1896 37.1  inches  (estimated  from  records  April  17  to  September  30). 

1S96 40.5  inches  (estimated  from  records  June  1  to  September  30). 

1897 42.0  Inches  (estimated  from  records  April  24  to  St^tember  30). 

1896 42.3  inches  (estimated  from  records  April  15  to  September  30). 

to- records  of  1901,  see  Wyoming  Agricultural  Experiment  Station  Bulletin  52,  p.  50. 

lOQl 3&2  (estimated  from  records  May  9  to  September  30). 

The  rate  of  evaporation  from  a  wet  soil  surface  is  about  the  same 
8  from  a  freely  exposed  water  surface  in  a  tank.'*  Consequently,  if 
lie  surface  of  the  soil  were  kept  constantly  wet  the  evaporation  from 
be  soil  would  be  approximately  equal  to  that  found  by  means  of  the 
mk.  The  fact  that  we  find  the  evaporation  as  measured  by  the 
mk  to  be  so  much  greater  than  the  rainfall  shows  how  efficient  our 
lethods  of  cultivation  must  be  in  order  that  we  may  have  any  water 
t  all  left  for  the  use  of  the  crop.  In  a  region  having  an  evaporation 
bring  the  six  summer  months  of  45  inches  and  a  rainfall  of  18  inches, 
aost  of  which  occurs  during  the  summer,  we  are  able  through  culti- 
vation to  cut  the  evaporation  from  the  soil  down  to  approximately 

•Thk  statement  must,  of  course,  be  considered  as  only  approximate.  Very  wet, 
Ink-colored  soils  fre  ^ly  exposed  in  the  sun  will  usually  lose  water  by  evaporation 
Dore  rapidly  than  a  free  water  surface,  since  the  dark  soil  surface  absorbs  a  larger  pro- 
Mrtion  of  the  energy  fr  3m  the  sun  than  the  free  water  surface  does.  The  evaporation 
iom  light-colored  soils  when  wet  agrees  more  closely  with  that  taking  place  from  a 
^  water  surface  of  equal  area.  As  the  soils  dr>'  out  the  rate  of  evaporation  gradu- 
illy  decreases.  This  shows  the  advantage  in  using  a  clean,  freely  exposed  water  sur- 
hce  in  measuring  evaporation,  which  avoids  the  errors  arising  from  changes  in  the 
Mature  of  the  evaporating  surface. 
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half  the  rainfall  and  so  save  the  remamder  of  the  rainfall  for  the  use 
of  the  crop.  In  establishing  a  mulch  it  is  necessary  to  sacrifice  aD 
of  the  moisture  in  the  surface  layer  of  soil  that  is  used  to  form  the 
mulch.  Any  rain,  then,  that  simply  wets  the  surface  mulch  is  of  no 
value  in  storing  moisture  in  summer-tilled  land,  since  it  must  all  be 
evaporated  in  order  to  establish  the  mulch  again. 

EVAFOBATION  AS  INFLTJENCINO  AGBICUI.TUBB  IN  THE  OBBAT 

PLAINS. 

The  increase  in  evaporation  is  very  marked  as  we  proceed  south- 
ward through  the  Great  Plains,  the  seasonal  evaporation  in  the  Pan- 
handle of  Texas  being  54  inches,  or  about  double  that  in  North 
Dakota.  The  influence  of  this  increased  evaporation  upon  the  agri- 
cultural operations  is  seen  by  comparing  the  agricultural  operations 
along  the  line  of  20-inch  annual  rainfall  in  the  two  States.  This  line 
in  North  Dakota  passes  through  the  head  of  the  Red  River  valler. 
where  the  rainfall  has  been  ample  for  the  successful  growing  of  wheat 
upon  the  same  land  year  after  year.  In  Texas  the  20-inch  line  passes 
tlirough  a  country  which  is  still  largely  grazing  land  and  where  agri- 
culture is  confined  to  the  most  drought-resistant  crops,  such  as  kafir 
and  milo.  It  is  evident,  then,  that  in  dry-farming  sections  having 
equal  rainfall  the  North  has  a  decided  advantage  over  the  South- 
owing  to  the  lower  evaporation. 

Dr.  H.  L.  Shantz,  of  the  Bureau  of  Plant  Industry,  finds  that  the 
distribution  of  a  native  grass  is  a  good  index  of  the  rainfall  required 
in  different  sections  of  the  Great  Plains.  Short  grass,  which  consists 
chiefly  of  buffalo  grass  and  grama  grass,  is  well  suited  for  this  purpose, 
since  it  occurs  from  Montana  to  Texas.  In  each  section  the  grass 
grows  as  far  west  as.  the  opposing  influences  of  rainfall  and  evaporation 
will  permit.  Its  growth  to  the  east  is  che<;ked  by  competition  with 
the  prairie  grasses.  Thus  we  have  a  strip  of  short  grass  extending 
from  Montana  to  Texas,  limited  on  the  west  side  by  drought  and  on 
the  east  by  competition  with  other  grasses.  Therefore  the  increase  in 
the  annual  rainfall  as  we  go  from  north  to  south  in  the  short-grass 
region  represents  the  additional  amount  of  rain  needed  to  offset  the 
increased  evaporation.  In  Montana,  short  grass  unmixed  with  other 
grasses  occurs  in  districts  having  an  annual  rainfall  of  approximately 
14  inches;  in  Colorado,  in  regions  having  a  rainfall  of  17  inches;  and 
in  the  Panhandle  of  Texas,  in  regions  having  an  annual  rainfall  of  21 
inches." 

The  same  typo  of  native  grass  requires  in  Texas  7  inches  more  of 
rain  a  year  than  in  Montana.     This  gives  us  at  once  a  measure  of 

«  Tlie  authors  are  indebted  to  Doctor  Shantz  for  this  preliminary  account  of  his 
investigations  on  the  distribution  of  the  vegetation  of  the  Great  Plains,  which  will 
shortly  appear  as  a  bulletin  of  the  Bureau  of  Plant  Industry. 
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e  additional  amount  of  rain  required  for  a  grain  crop  in  Texas  as 
►mpared  with  Montana.  Furthermore,  the  evaporation  in  Texas 
iring  the  six  sununer  months  exceeds  that  in  Montana  by  about 
)  inches.  Therefore,  if  the  summer  evaporation  at  one  place  in  the 
reat  Plains  exceeds  that  at  another  by  3  inches  a  corresponding 
crease  in  the  summer  rainfall  of  approximately  1  inch  at  the  first 
:ace  is  needed  to  offset  the  increased  evaporation.  A  rainfall  of  21 
ches  in  the  Panhandle  of  Texas  is  therefore  really  no  better  for 
'owing  crops  than  15  inches  in  Montana  or  Dakota,  owing  to  the 
'eatly  increased  evaporation  on  the  Texas  plains. 
The  influence  of  the  amount  of  evaporation  in  different  sections  of 
le  Great  Plains  upon  the  effectiveness  of  the  rainfall  in  crop  pro- 
uction  is  illustrated  in  the  accompanying  chart  (fig.  5) .  The  heavy 
irved  line  marked  "20"  passes  through  points  in  the  Great  Plains 
tates  having  an  annual  average  rainfall  of  20  inches.  From  what 
as  already  been  said,  it  is  evident  that  the  conditions  determining 
pop  production  become  more  and  more  severe  as  we  pass  southward 
long  this  line,  owing  to  the  increase  in  the  evaporation.  It  would 
lierefore  be  necessary  to  move  more  and  more  to  the  eastward  from 
be  Une  representing  an  annual  rainfall  of  20  inches  as  we  go  south- 
rard  through  the  Great  Plains,  in  order  to  find  conditions  that  are 
qually  favorable  for  crop  production  so  far  as  rainfall  is  concerned, 
^e  broken  line  which  is  coincident  with  the  line  of  20  inches  annual 
ftinfall  in  the  northern  part  of  North  Dakota  and  which  becomes 
ittore  and  more  separated  from  it  as  we  move  southward  through  the 
3reat  Plains  passes  through  points  having  a  rainfall  equivalent  to 
W  inches  in  North  Dakota.  The  actual  rainfall  along  this  line 
Increases  as  we  go  south  through  the  area  until  the  lowlands  of  Texas 
tte  reached,  but  owing  to  the  increased  evaporation  it  is  no  more 
affective  in  growing  crops  than  is  20  inches  in  North  Dakota  or 
Montana. 

To  the  west  of  the  line  of  20  inches  annual  rainfall  will  be  found 
%  second  line  which  passes  through  points  having  an  average  annual 
rainfall  of  15  inches.  In  connection  w^ith  this  line  of  15  inches  annual 
rainfall  there  is  given  on  the  map  a  second  broken  line  which  passes 
through  points  having  a  rainfall  equivalent  to  15  inches  in  North 
Dakota  or  Montana.  It  will  be  noted  that  through  southwestern 
Nebraska  and  northwestern  Kansas  this  broken  line  is  practically 
<^incident  with  the  line  of  20  inches  annual  rainfall.  In  other  words, 
15  mches  of  rainfall  in  Montana  or  Dakota  are  equivalent  to  20 
inches  of  rainfall  in  southwestern  Nebraska  or  western  Kansas.  In 
southwestern  Kansas,  eastern  Oklahoma,  and  in  Texas  this  line  lies 
^noUy  to  the  east  of  the  line  representing  20  inches  annual  rainfall, 
^oughout  this  latter  section,  then,  more  than  20  inches  of  rainfall 
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would  be  required  in  order  to  be  equivalent  to  15  inches  of  nrn- 
f  all  along  the  Canadian  boundary.  These  lines  of  equivalent  rvnitH 
have  been  established  from  a  consideration  of  the  distribution  of  ^ 
short  grass  through  the  Qreat  Plains  and  from  a  study  of  the  ev&po- 


Fig.  5.— Outline  map  of  the  States  in  the  Oreat  Plains  region,  sliowing  the  lines  of  equal  Mtafcll  «■< 
lines  of  equivalent  rainfall.  The  solid  lines  marked  15  and  20  pass  through  points  of  equal  latoiift; 
the  corresponding  dotted  lines  pass  through  points  having  a  rainfall  wiiich  Is  equivalent  to  15  and 
20  inches,  respectively,  on  the  Canadian  boundary. 

ration.  Their  position  should  be  considered  as  only  approximatei 
but  they  serve  to  emphasize  the  great  influence  of  the  increased 
evaporation  upon  the  amount  of  water  required  for  crop  production. 
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BSULTXON  OF  YIELD  TO  BAINFALL. 

In  order  that  the  prospective  settler  may  form  an  idea  of  the 
irields  that  he  can  reasonably  expect  to  obtam  in  regions  of  limited 
rainfall,  there  is  given  in  the  following  pages  a  summary  of  the  yields 
;>btoined  at  a  number  of  experimental  farms  conducted  under  state 
ftnd  federal  supervision. 

RELATION  OF  YIELD  TO  RAINFALL  IN  THE  GREAT  BASIN. 

During  the  years  1904,  1905,  and  1906  the  Utah  Agricultural 
Experiment  Station  conducted  experiments  at  six  dry-farming  sta- 
tions in  Utah.*  The  following  table  shows  the  average  yield  of 
wheat  obtained  by  summer-falloMring  methods  at  these  stations  dur- 
ing the  three  years.  The  table  shows  the  yearly  precipitation,  the 
precipitation  that  occurred  during  the  growing  season  from  April  1 
to  July  20,  and  the  corresponding  yield.*"  The  location  of  the  coun- 
ties may  be  seen  by  referring  to  the  Utah  precipitation  map,  page  44. 

Table  II. — Relation  of  precipitation  to  yield  of  Lof (house  wheat  on  tummer-fallowed 

lands  at  six  dry-farming  stations  in  Utah. 

[From  Bulletin  No.  100,  Utah  Agricultural  Experiment  Station.] 


County  and  year. 

Yearly  pre- 
cipitation. 
August  1 
to  July  31. 

Inehet. 
13.4 
9.9 
15.9 

15.4 
11.3 
18.4 

18.5 
12.4 
13.0 

13.2 

n.5 

15.5 

13.4 
10.9 
16.6 

6.6 
19.0 
20.0 

Seaaonal 
precipita- 
tion, April 
1  to  July  20. 

Yield  of 

wheat  per 

acre. 

Iron: 

1904   

Inches. 
3.8 
2.8 
3.2 

3.9 
3.1 
6.3 

4.6 
3.2 
4.6 

6.0 
4.1 
4.6 

2.2 
2.9 
4.1 

2.8 
5.3 

4.8 

Buthels, 
6 

1905                       

0 

1906 

7 

iaab: 

1904 

20 

1905                                       

15 

1906 

31 

Teoele: 

1904 

13 

1906 

11 

mo 

16 

fierier: 

1904 

8 

1905 

5 

1906 

8 

Washington: 

1904 

2 

1905 

4 

1906 

9 

Ban  Juan: 

1904 

0 

1905 

21 

1906 

29 

« Bulletin  100,  Utah  Agricultural  Experiment  Station,  by  W.  M.  Jardine. 

^ThewriteiB  are  indebted  to  Mr.  W.  M.  Jardine  for  assistance  in  compiling  the 
yields  given  in  this  table.  The  figures  are  based  upon  the  average  yields  of  Lofthouse 
vbeat  plats  and  represent  in  most  cases  the  average  of  the  Lofthouse  wheat  yields 
in  the  Taricty  tests,  in  the  depth-of-plowing  tests,  and  in  the  time-of-seeding  tests, 
3  to  5  plats  in  all.  In  the  depth-of-plowing  tests  the  yield  of  the  plat  plowed  8  inches 
^^  was  taken  when  possible,  and  in  the  other  cases  the  average  of  the  yields  from 
tbe  plats  plowed  5  inches  deep  and  10  inches  deep  was  used.  In  the  time-of-seeding 
tests  the  yields  of  the  plats  sown  on  dates  recommended  in  the  bulletin  were  used. 
These  figures,  therefore,  represent  the  yields  of  wheat  grown  under  conditions  generall] 
advocated  in  the  r^on,  viz,  on  land  plowed  8  inches  deep  and  summer-fallowed. 
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The  cost  of  producing  an  acre  of  wheat  on  saimmer-f  allowed  Itnd 
in  Utah,  including  seed  and  harvesting,  is  about  $7,^  which  with 
wheat  at  75  cents  would  be  equivalent  to  about  9  bushels  of  whett 
per  acre.  On  this  basis  wheat  production  proved  profitable  dunng 
the  three  years  in  Juab  and  Tooele  counties.  In  San  Juan  Coimtj 
in  1904  the  rainfall  was  less  than  7  inches  and  the  crop  was  a  faQore. 
During  the  next  two  years,  however,  the  rainfall  was  about  20  inches 
and  good  yields  were  obtained.  The  yields  at  the  other  three  sta- 
tions during  the  three  years  do  not  cover  the  cost  of  growing  the  crop. 
The  records  of  Juab  County  show  clearly  the  influence  of  the  amount 
of  rain  on  the  yield,  the  yields  varying  from  15  bushels  with  a  rainfall 
of  11  inches  in  1905  to  31  bushels  with  a  rainfall  of  18  inches  in  1906. 
Jardine  emphasizes  the  importance  of  having  at  least  4  inches  of 
rain  during  the  growing  season  from  April  1  to  July  20. 

To  summarize,  in  Tooele  and  Juab  counties,  Utah,  profiUUe 
yields  were  obtained  when  the  rainfall  exceeded  13  inches.  At  the 
other  stations  in  Iron,  Sevier,  and  Washington  counties  a  rainfall 
of  15  inches  was  not  sufficient  to  produce  profitable  crops.  The 
evaporation  from  a  freely  exposed  tank  of  water  has  been  found  to 
be  about  42  inches  dining  the  six  summer  months  in  Juab  County. 
We  may  conclude,  then,  that  with  this  amount  of  evaporation  an 
annual  rainfall  of  13  inches  represents  about  the  minimum  under 
which  farming  can  be  profitably  carried  on  in  the  Great  Basin.^ 

MINIMUM    RAINFALL    NECESSARY    FOR    WHEAT    PRODUCTION    IX    THE 

COLUMBIA   BASIN. 

There  is  probably  no  other  region  in  the  United  States  where  dry 
farming  is  successfully  conducted  with  so  low  a  rainfall  as  in  the 
Columbia  Basin,  in  southern  Washington  and  northern  Oregon. 
This  is  the  result  of  a  combination  of  favorable  conditions.  The 
evaporation  is  considerably  lower  than  in  the  Great  Basin,  the  rains 
come  mainly  during  the  winter  season  and  are  not  torrential,  and 
the  basaltic  soils  absorb  the  rainfall  readily.  As  we  have  already 
seen,  the  system  of  alternate  cropping  and  summer  fallow  is  especially 

a  Grace  Brothers,  who  operate  a  laige  farm  in  Juab  County,  Utah,  find  the  avenge 
cost  of  growing  wheat  on  eummer-fallowed  land  to  be  $6.85  per  acre,  lliis  figure 
includes  all  charges  except  an  intereet  chaige  for  the  land.  (See  Second  Anniiil 
Report  Dry-Farming  Congress,  p.  170.) 

The  cost  of  growing  spring  wheat  on  &dl-plowed  land  in  Minnesota,  as  given  by 
E.  C.  Parker  and  T.  P.  Cooper,  ranges  from  $4.30  (on  a  large  farm)  to  $6.40  per  acre. 
These  figures  do  not  include  land  rental  or  the  cost  of  hauling  the  grain  to  market. 

Other  things  being  equal,  it  is  to  be  expected  that  wheat  production  under  the 
system  of  alternate  cropping  and  summer  fallowing  would  be  somewhat  more  ex* 
pensive  than  under  the  annual  cropping  system,  as  in  Minnesota,  owing  to  the  increased 
cost  of  maintaining  the  sunmier  fallow. 

2>Prof.  L.  A.  Merrill,  of  the  Utah  station,  places  the  minimum  annual  rainfall  for 
profitable  dry  farming  in  that  section  at  12  inches. 
188 


DELATION  OF  YIELD  TO  BAllTFALL  IN  THE  OBEAT  PLAINS.         25 

idapted  to  such  conditions  and  is  the  method  uniformly  followed  in 
;hat  part  of  the  Columbia  Basin  where  the  rainfall  is  light.  Summer 
iillage  of  the  fallow  land  is  also  carried  on  quite  generally  throughout 
ihe  region.*  The  rainfall  records  in  the  drier  portions  of  the  Columbia 
Basin  are  very  broken^  so  that  it  is  not  possible  at  the  present  time 
k)  determine  the  relation  of  yield  to  rainfall  with  exactness. 
Hunter,*  who  has  made  a  special  study  of  the  conditions  in  this 
region,  states  that  while  wheat  is  being  produced  on  an  average  annual 
rainfaJl  as  low  as  8.5  inches,  10  inches  is  about  the  minimum  for  suc- 
cessful wheat  production.  A  great  deal  of  wheat  is  grown  around 
Ella,  in  Morrow  County,  Oregon,  and  in  other  parts  of  the  northern 
tier  of  counties  in  Oregon  where  the  rainfall  is  no  greater  than  that 
>f  EUa.  The  average  annual  precipitation  at  Ella,  Oreg.,  during  the 
last  ten  years  has  been  9.5  inches.  Dimng  this  period  the  rainfall 
lias  varied  from  12.8  inches  in  1906  to  5.2  in  1908.  During  a  year 
of  heavy  rainfall  the  yield  of  the  wheat  crop  grown  on  summer- 
fallowed  land  at  Ella  is  from  20  to  30  bushels  per  acre,  or  even  more. 
When  the  rainfall  is  6  or  7  inches  the  crop  is  sometimes  not  worth 
cutting  and  the  yields  are  frequently  only  6  or  7  bushels  per  acre. 
No  wheat  is  grown  in  the  driest  part  of  the  basin  in  the  vicinity  of 
Pasco,  Wash.,  where  the  annual  rainfall  is  only  about  6  inches. 

It  appears  to  be  established,  then,  that  wheat  is  being  grown  at 
a  profit  in  this  region  by  smnmer-fallowing  methods  on  an  annual 
rainfall  of  10  inches.  The  minimiun  rainfall  necessary  for  a  wheat 
crop  that  will  return  more  than  the  cost  of  production  appears  to  be 
about  8.5  inches,  although  actual  yields  in  connection  with  rainfall 
records  are  not  yet  available  to  establish  this  minimum  definitely. 
The  yields  on  the  same  rainfall  of  course  vary  considerably  according 
to  the  methods  and  care  employed  in  the  production  of  the  crop. 

RELATION  OF  YIELD  TO  RAINFALL  IN  THE  GREAT  PLAINS. 

The  Office  of  Dry-Land  Agriculture  Investigations  of  the  Bureau  of 
Plant  Industry  has  been  conducting  extensive  investigations  since 
1906  to  determine  the  cultural  methods  and  systems  of  crop  rotation 
best  adapted  to  the  conditions  in  the  Great  Plains.  The  following 
table  has  been  compiled  from  the  results  of  these  experiments,  which 
are  now  available  to  the  end  of  the  season  of  1909.^    The  results  of  the 

A  For  a  description  of  the  methods  of  tiUage  used  in  this  section,  see  the  paper  hy 
Byion  Hunter,  entitled  "Farm  Practice  in  the  Columbia  Basin  Uplands,"  Farmers* 
Bulletin  294,  U.  S.  Dept.  of  Agriculture,  1907. 

*The  writers  desire  to  acknowledge  their  indebtedness  to  Mr.  Byron  Hunter,  of  the 
Office  of  Farm  Management  of  the  Bureau  of  Plant  Industry,  for  the  information 
relative  to  wheat  yields  in  the  Columbia  Basin. 

«See  "A  Study  of  Cultivation  Methods  and  Crop  Rotations  for  the  Great  Plains 
Area,"  by  E.  C.  Chilcott  and  members  of  the  field  staff  of  Dry-Land  Agriculture  Inves- 
tigatbns,  Bulletin  187,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  1910. 
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work  cover  experiments  at  eleven  stations,  extending  from  Mcml 
to  the  Panhandle  of  Texas. 

Table  III. —  Variation  in  yield  of  apring-iown  wheat  with  rainfall  in  the  Great  Piotsi. 
[Based  upon  tbe  field  experiments  of  the  Office  of  Dry-L4uid  Agriculture  InvestlgalimM] 


Station  and  year. 


Judith  Basin, 
Mont.,  1909 

Dickinson,  N. 

Dak.: 

1908 

]909 

EdgeleyiN.Dalc.': 

1907 

1908 

1900 

HIghmore,  S. 
Dak.: 

1907 

1908 

Bellefoiirche,    8. 

Dak.,  1909 

North  I'latte, 
Nebr.: 

1907 

1908 

1909 

Akron,  Colo.,  1909. 
Hays,  Kans.,  1908. 
Garden  City, 

Kans..  1909 

Dalhart,  Tex., 

1909 

Amarillo,  Tex.: 

1908 

1909 


Ordi- 


meth- 
ods. 


Bu»h, 
33.0 


34.3 
26.8 

4.1 
13.3 
28.3 


28.8 
26.3 

23.8 


24.5 
22.7 
23.0 
14.3 
1.2 

2.1 

.0 

17.0 
.0 


Conser- 
vation 
meth- 
ods. 

Sum- 
mer til- 
lage. 

Buth. 

BtM&. 

33.4 

34.0 

17.7 

33.8 

25.2 

35.7 

7.0 

9.9 

15.3 

16.0 

23.3 

27.0 

29.7 

30.0 

19.7 

30.7 

23.3 

32.2 

26.0 

31.8 

27.8 

40.5 

15.3 

18.0 

10.3 

18.5 

4.5 

4.2 

3.2 

6.7 

.0 

10.5 

14.0 

16.0 

2.8 

10.5 

Rot*- 

tions, 

avera^ 

of  7 

plats. 


Aver- 
age 
yield 
of  10 
plats. 


BUBk. 

34.6 


28.1 
36.4 

11.1 

17.1 
29.7 


28.2 
25.3 

29.1 


23.7 
28.9 
20.1 
17.0 
3.8 

3.0 

1.1 

10.5 
1.4 


Bwtih. 
34.3 


27.3 
34.3 

9.9 
16.4 
28.7 


28.6 
25.4 

28.3 


24.8 
29.3 
19.7 
16.2 
3.7 

•3.3 

1.8 

12.1 
2.3 


Rain- 

fall, 

Rain- 

April- 

&11 

inciu- 

for  the 

year. 

sive. 

In. 

In. 

14.0 

25.6 

ia5 

19.5 

11.2 

2a9 

6.7 

11.5 

9.2 

17.1 

10.8 

15.6 

11.1 

17.3 

12.5 

22.4 

7.9 

(«) 

12.3 

19.1 

12.8 

20.0 

13.7 

18.9 

10.2 

22.4 

14.2 

25.3 

11.3 

22.0 

8.3 

16.0 

12.6 

19.1 

8.5 

18.4 

Rainfall  for 
the 


Above 
nor- 
mal. 


In. 
10.4 


4.5 
5.9 


Be- 
low 
nor- 


In, 


Rainfall 
tfae^ 


Above 

nor- 
maL 


8wO 
2.5 
4.1 


5.0 


In. 
1.4 


2.3 
3.0 


.1 
2.1  , 


1.0 
1.1 


1.2 
1.7 
2.6 


-^ 


3.3    . 

1.9    . 

3.3 


I.S 

ai 


3.5 
4.1 


1.3 


<s  year  not  complete. 

The  first  column  of  the  table  shows  the  station  and  State  in  wfaici 
the  field  work  was  conducted  and  the  year  in  which  the  experimoiti 
were  carried  on;  the  second  column  gives  the  yield  of  spring  whed 
in  bushels  per  acre  under  ordinary  methods  of  cultivation — ^that  jb^ 
shallow  spring  plowing  and  no  harrowing  of  the  grain  after  planting; 
the  third  column,  headed  '*  Conservation  methods,"  gives  the  yieidf 
of  spring  wheat  on  land  plowed  8  inches  deep  in  the  fall,  put  in  god 
tilth  in  the  spring  before  planting,  and  harrowed  after  the  grain  wn 
up  in  order  to  conserve  moisture;  the  fourth  column,  headed  ''Sutt 
mer  tillage,"  gives  the  yield  of  spring  wheat  grown  on  land  stunmci 
tilled  the  preceding  year;  the  fifth  column,  headed  "Rotations,' 
gives  the  average  yield  of  wheat  in  seven  different  rotations  earned 
on  at  each  of  the  stations;  all  of  the  methods  employed  and  the  yiekk 
obtained  are  described  in  detail  in  the  bulletin  referred  to.  In  thi 
sixth  column  is  given  the  average  yield  of  wheat  from  the  ten  plati 
previously  considered,  namely,  the  seven  rotation  plats  and  thr« 
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lage  plats;  in  the  seventh  column  is  given  the  rainfall  from  April 

July,  inclusive,  in  inches.  This  period  is  selected  as  coinciding 
ost  nearly  with  the  average  growing  season  at  the  different  stations. 
be  eighth  column  gives  the  total  rainfall  for  the  year,  while  the  last 
ur  columns  show  the  amount  that  the  total  rainfall  for  the  year 
id  the  season  was  above  or  below  the  normal  for  that  station. 
Referring  to  the  last  columns  of  the  table,  it  will  be  seen  that  for 
le  18  series  of  experiments  reported  the  rainfall  for  the  year  in  9 
stances  was  above  the  normal  and  in  6  instances  below  the  normal, 
^e  the  yields  in  the  greater  number  of  cases  have  been  obtained 
iiring  wet  years,  very  trying  conditions  were  encountered  at  some 
^  the  stations.  At  Judith  Basin,  Mont.,  and  at  Dickinson,  in  the 
estem  part  of  North  Dakota,  the  rainfall  has  been  unusually  high, 
inging  from  5  to  10  inches  above  the  normal.  The  effect  of  this  is 
dl  exemplified  in  the  yields  at  Judith  Basin,  ordinary  methods  of 
dtivation  giving  as  good  yields  with  a  bountiful  rainfall  as  either 
»nservation  or  summer-tillage  methods.  At  Dickinson  somewhat 
igher  yields  were  obtained  with  sunmier  tillage,  but  not  enough  to 
istify  this  method  if  the  bountiful  rains  could  have  been  foreseen. 

At  Edgeley,  in  the  southeastern  part  of  North  Dakota,  three  dry 
lasons  were  encountered.  In  the  first  less  than  7  inches  of  rain  fell 
uripg  the  growing  season.  The  yield  on  spring-plowed  land  was  4 
iishels  per  acre;  on  sunmier-f allowed  land,  10  bushels.  In  1908, 
rith  a  rain  of  9  inches  during  the  growing  season,  the  yields  were  13 
Bd  16  bushels,  respectively;  and  in  1909,  with  11  inches  of  rain  dur- 
Ig  the  growing  season,  the  yields  were  28  and  27  bushels  per  acre, 
ihe  effect-  of  a  slightly  increased  rainfall  during  the  growing  season 
ipon  the  yield  is  very  marked  at  this  station.  In  1907,  with  a  sea- 
ttial  rainfall  of  7  inches,  the  average  yield  was  about  10  bushels  per 
ere;  in  1909,  with  a  seasonal  rainfall  of  11  inches,  the  yield  was 
ibout  29  bushels  per  acre,  or  a  gain  in  yield  of  19  bushels  for  an 
ftcrease  in  rainfall  of  4  inches. 

The  results  at  Edgeley  show  an  increased  production  on  summer- 
Died  land  during  1907,  which  was  very  dry.  It  is  important  to  note, 
lowever,  that  the  average  yield  from  the  rotation  plats  was  even 
iigher  than  from  the  summer-tilled  land  at  this  station  during  tliis 
liy  year.  In  fact,  the  rotations  gave  better  yields  than  summer- 
allage  methods  for  each  of  the  three  years  during  which  experiments 
Mkve  been  conducted  at  this  station.  This  indicates  that  summer 
tillage  is  not  profitable  on  the  soils  of  the  Edgeley  district  even  during 
fears  of  deficient  rainfall. 

An  average  yield  of  about  28  bushels  was  obtained  at  the  Highmore 
itation  in  South  Dakota  during  the  season  of  1907  under  a  normal 
niinfall.     In   1908  an  average  yield  of  25  bushels  per  acre  was 
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obtained  at  this  station.     The  rainfall  during  this  year  was  5  mclus 
above  the  normal,  but  it  will  be  seen  from  the  table  that  the  rainltil 
during  the  growing  season  was  only  1.4  inches  above  that  in  1907. 
The  lower  yield  at  Highmore  in  1908  is  probably  to  be  explained  by 
the  fact  that  the  last  three  weeks  of  July  and  the  first  w^eek  of  Augogt 
were  yery  dry,  less  than  1  inch  of  rain  falling  during  this  time.    Th« 
results  show  the  necessity  of  knowing  the  seasonal  rainfall  when  study- 
ing the  relation  of  yield  to  rainfall  in  the  Great  Plains.     Frequenth, 
as  in  this  case,  a  knowledge  of  the  monthly  rainfall  is  not  even  suffi- 
cient, but  the  daily  distribution  must  be  known  to  determine  th« 
influence  of  the  precipitation  upon  the  yield. 

At  Bellefourche,  in  western  South  Dakota,  in  1907,  a  yield  of  24 
bushels  was  obtained  on  spring-plowed  land  as  compared  with  32 
bushels  on  sunmier-tilled  land  and  29  bushels  as  the  average  yield  on 
the  rotation  plats.  These  yields  were  obtained  with  a  rainfall  of  about 
8  inches  during  the  growing  season.  It  will  be  noted  that  while  sum- 
mer tillage  gave  the  highest  yields,  the  yield  from  the  rotation  pkts 
was  nearly  as  high.  Therefore,  on  the  heavy  gumbo  soils  repre- 
sented by  the  Bellefourche  district,  with  a  seasonal  rainfall  of  9j 
inches,  the  results  indicate  that  crop  rotations  will  give  much  better 
returns  than  sunmier  tillage,  considering  the  fact  that  a  crop  ob] 
sunmier-tilled  land  is  obtained  only  once  in  two  years. 

At  North  Platte,  Nebr.,  the  seasonal  precipitation  has  been  verrj 
uniform  for  the  three  years  during  which  experiments  have  been  con-i 
ducted,  varying  from  12  to  14  inches.  The  yield  of  wheat  during  | 
these  three  years,  based  upon  an  average  of  10  plats,  varied  from  20 
to  29  bushels.  We  will  consider  briefly  the  cause  of  this  fluctuation' 
in  yield. 

The  soil  at  North  Platte  is  a  silt  loam  of  loess  formation  and  absorbs 
water  readily.  The  season  of  1906  was  very  wet,  so  that  the  season 
of  1907  opened  with  a  good  supply  of  moisture  in  the  soil.  Conse- 
quently, good  jaelds  were  obtained  in  1907,  although  the  influence 
of  a  rather  dry  spring  is  shown  in  the  lower  yields  of  the  spring- 
plowed  plat. 

The  fall  of  1907  and  the  spring  of  1908  at  North  Platte  were  very 
dry,  only  3.5  inches  of  precipitation  occurring  from  October  1  to  May 
1.  In  May,  June,  and  July  there  was  abundant  rain.  It  is  under 
such  conditions  that  moisture-conservation  methods  become  most 
effective.  The  moisture  stored  in  the  soil  by  conservation  methods 
is  suflScient  to  carry  the  crop  through  a  dry  spring,  and  when  supple- 
mented by  abundant  summer  rains  is  sufficient  for  the  production 
of  large  crops.  Thus,  during  1908  a  yield  of  40.5  bushels  was  obtained 
from  summer-tilled  land  as  compared  with  22.7  bushels  from  wheat 
sown  on  spring-plowed  land. 
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In  1909,  on  the  other  hand,  the  highest  yield  of  wheat  at  North 
Isttte  was  ob tamed  from  spring-plowed  land.  The  seasonal  ram- 
^11  was  the  highest  of  any  of  the  three  years.  But  the  rainfall  was 
ot  the  factor  which  controlled  the  yields  during  this  season.  There 
'OS  abundant  moisture  for  all  the  crops.  In  this  case  the  tempera- 
Lir©  was  the  controlling  factor.  The  wheat  sown  on  the  conserva- 
Lon  plats  encountered  freezing  weather  for  five  days  just  as  it  was 
aming  up.  In  the  spring-plowed  plats,  where  conditions  were  not 
o  favorable,  the  germination  was  retarded  and  the  plants  were  not 
ijured  during  this  cold  weather.  More  freezing  weather  occurred  a 
reek  later,  which  injured  the  more  advanced  grain  to  such  an  extent 
hat  it  never  recovered,  and  the  wheat  sown  on  spring-plowed  land 
onsequently  gave  better  yields. 

The  stations  so  far  considered  are  located  in  the  central  and 
lorthem  part  of  the  Great  Plains,  where  the  conditions  are  not  so 
levere  owing  to  the  lower  evaporation.  The  remaining  stations  are 
ocated  in  a  section  subject  to  high  winds,  hail,  and  high  evaporation. 
At  Akron,  Colo.,  in  1909  the  spring  was  cold  and  wet.  Under  these 
jonditions  we  would  not  expect  marked  differences  between  spring- 
>lowing  and  summer-tillage  methods.  The  average  yield  at  the  sta- 
tion was  about  16  bushels,  with  a  seasonal  rainfall  of  10  inches. 

At  Hays,  Kans.,  in  1908  the  average  yield  was  only  about  4  bushels 
with  a  seasonal  rainfall  of  14  inches.  This  low  yield  was  due  to  high 
winds  and  dry  weather  in  the  spring  months.  The  crop  in  1909  was 
destroyed  by  hail. 

At  Garden  City,  Kans.,  in  1909  the  average  yield  of  wheat  was  3 
bushels  per  acre,  with  a  seasonal  rainfall  of  11  inches.  There  was  2 
inches  of  precipitation  in  March,  which  provided  sufficient  moisture 
for  the  germination  of  the  wheat,  but  there  was  practically  no  pre- 
cipitation during  April  and  the  first  half  of  May,  which  so  weakened 
the  crop  that  the  later  rains  could  not  be  utilized. 

The  crop  at  Dalhart,  Tex.,  in  1908  was  destroyed  by  drought.  In 
1909  the  spring  was  very  dry,  less  than  3  inches  of  water  falling  from 
September  1  to  May  1 .  Wheat  grown  on  summer-tilled  land  was  the 
only  plat  that  was  able  to  withstand  this  weather.  A  hailstorm  on 
June  19  completed  the  destruction  of  those  crops  that  had  been  weak- 
ened by  the  drought,  and  injured  the  wheat  on  the  summer-tilled 
plat,  which,  however,  gave  a  yield  of  10.5  bushels  per  acre,  with  a 
seasonal  rainfall  of  only  8  inches. 

Spring  wheat  at  Amarillo,  Tex.,  during  the  season  of  1907  was  a 
failure,  owing  to  the  extremely  dry  weather  of  the  spring  and  early 
summer,  combined  with  the  severe  hailstorm  of  June  3.  The  aver- 
age yield  was  only  about  2  bushels  per  acre.  In  1908  an  average 
yield  of  about  12  bushels  was  obtained  on  a  seasonal  rainfall  of  12.6 
niches.    March  was  very  dry  during  this  season,  but  good  rains  were 
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recorded  in  April  and  May,  which  explains  the  equalitr  in  yield  d  ' 
the  spring-plowed  and  aummer-fallowed  plats.  In  1909,  April  tai 
May  were  very  dry,  while  good  rains  fell  in  June.  Here  again  i« 
find  the  conditions  imder  which  consenraition  methods  become  esps- 
cially  effective,  namely,  a  dry  spring  followed  by  timely  summer  nuD& 
The  wheat  sown  on  spring-{dowed  land  at  Amarillo  during  this  seaam 
was  a  failure,  while  the  wheat  on  summeivtilled  land  gave  a  yield  of 
10.5  bushels  on  a  seasonal  rainfall  of  8.5  inches. 

In  comparing  the  seasonal  rainfall  with  the  yields  for  all  thestatifloi 
it  will  be  seen  that  when  the  rainfall  from  April  to  July,  inclusive,  e 
less  than  8  inches  the  yields  are  hardly  su£5cient  to  cover  the  expaose 
of  producing  the  crop.  With  a  seasonal  rainfall  of  8  to  10  iBciM 
the  yield  of  wheat  grown  on  summer-tilled  land  is  generally  conad- 
erably  higher  than  wheat  grown  on  spring-plowed  land.  When,  how- 
ever, the  seasonal  precipitation  is  above  10  or  12  inches,  the  increased 
returns  from  the  method  of  alternate  cropping  and  summer  tillagu 
do  not  exceed  the  returns  from  wheat  grown  in  rotation  or  on  spoof 
plowing  by  an  amount  sufficient  to  offset  the  increased  cost  of  sum- 
mer tillage. 

YIELD   IN   RELATION   TO   RAINFALL   IN   SOUTHERN   TEXAS. 
THE   THREE   TEARS '  RECORD   AT  SAN   ANTONIO. 

Field  experiments  have  also  been  conducted  by  the  OflSce  of 
Western  Agricultural  Extension  of  the  Bureau  of  Plant  Industir, 
during  the  past  three  years,  at  San  Antonio,  Tex.  The  normal  nun- 
fall  of  tliis  region  is  about  26  inches,  but  the  evaporation  is  equal  to 
that  on  the  high  plains  of  Texas  during  the  summer  months,  which, 
combined  with  the  irregularity  of  the  rainfall,  often  results  in  drought 
The  following  table  shows  the  yields  of  some  of  the  standard  crop* 
of  this  region  during  three  years  in  which  there  was  a  marked  vaii»* 
tion  in  the  seasonal  rainfall. 


Table  IV. — Relation  of  yield  to  rainfall  at  San  Antonio,  Tex. 


Crop  and  ye&r. 


Com: 

IIM)? 

1 IM  )S 

v.m J 

Cotton: 

1007 

19(W 

um 

Sorghnin: 

m)7 

H>()H 

um 


Yield  per  acre. 


17.5  bushels. 
27.4  bushels. 
9.9  bushels. . 


377  pounds. . 
1,096  pounds. 
640  pounds.. 


3.1  tons. 
13  tons. 
1.9  tons. 


I 
Seasonal ' 
rainialL     imloWL 


Inekes, 
9.3 
10 
4.4 

13 
17.7 
9.3 

11.3 

16.4 

8.2 


hKha 


% 
S 
1) 

% 
t 
M 

36 

13 


Referring  to  Table  IV,  it  will  be  seen  that  the  total  rainfall  for 
the  year  1909  was  only  one-half  that  of  either  of  the  two  preceding 
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EU9,  in  which  the  rainfall  was  about  normal.  The  rain  which  fell 
5h  year  during  the  growing  season  of  each  crop  is  given  in  the  col- 
in  headed  '^  Seasonal  rainfall.'' 

The  seasonal  rainfall  for  com  is  taken  from  March  1  to  July  1; 
?  cotton,  from  March  1  to  October  1;  for  sorghum,  from  April  1 

October  1.  The  cotton  yields  include  weight  of  both  seed  and 
er.  The  sorghum  (Sumac)  was  grown  in  drills  for  forage,  and  two 
ttings  were  made,  the  total  yield  being  given  in  the  table.  The 
ares  in  all  cases  represent  the  average  of  a  number  of  plats,  varying 
^m  8  to  46  in  number  each  year  in  the  case  of  the  com  and  cotton 
>ps  and  from  3  to  4  in  the  case  of  the  sorghum.* 
It  will  be  noted  that  the  yields  increase  with  the  seasonal  rainfall 

every  instance  except  that  of  the  cotton  crop  of  1907.  The  low 
sld  in  this  case  is  due  to  an  extremely  dry  August  and  September, 
ly  about  1  inch  of  rain  falling  during  this  time,  which  is  a  critical 
nod  in  the  growth  of  cotton  in  this  region.  The  effect  of  the  rain- 
II  on  the  growth  of  sorghum  is  especially  marked,  the  jrield  varying 
>m  1.9  tons  with  a  seasonal  rainfall  of  8  inches  in  1909  to  13  tons 
\r  acre  with  a  seasonal  rainfall  of  16  inches  in  1908.  This  latter 
Bid,  which  is  extremely  high,  was  the  average  of  four  plats,  of  which 
,e  lowest  gave  a  yield  of  over  12  tons  per  acre.  All  of  these  four 
ats  were  cropped  to  either  sorghum  or  cotton  the  previous  year, 
id  were  plowed  the  preceding  fall  in  time  to  take  advantage  of  heavy 
U  and  winter  rains.  The  water  which  was  stored  in  the  soil  as  the 
suit  of  the  fall  plowing,  amounting  probably  to  6  or  8  inches  of  rain- 
lU,  was  thus  available  to  the  crop  in  addition  to  the  seasonal  rain- 
U  of  16  inches.  But  even  granting  that  the  sorghum  had  24  inches 
:  water  during  its  growing  period  and  assuming  that  the  forage  con- 
ined  20  per  cent  of  water  when  weighed,  this  crop  still  shows  the 
miarkable  efl&ciency  of  1  pound  of  dry  material  produced  for  every 
80  pounds  of  water  used. 

SUMMER  TILLAGE   AT  SAN  ANTONIO. 

The  increased  yield  obtained  on  summer-tilled  land  during  a  dry 
lason  is  strikingly  illustrated  in  the  results  given  in  Table  V,  which 
fere  obtained  at  the  San  Antonio  Experiment  Farm  in  1909. 

Able  V. — Comparigon  of  yields  from  crops  grown  on  summer-tilled  land  and  on  land 
cropped  the  precedinrj  year  at  San  Antonio ^  TVx.,  1909. 


Crop. 


onhimt. 
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On  land  cropped 
In  1908. 


On  land  summer 
tilled  in  1908. 


59^1  pounds. 
3.3  bushels. 

1.9  tons 

0.0  ton 


783  pounds. 
22.6  bushels. 
5  tons. 
1.25  tons. 
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Table  V  shows  a  comparison  of  yields  obtained  on  summer-tilled 
land  and  on  land  cropped  the  preceding  year.  With  the  exception  of 
the  cotton  crop,  the  increased  yield  resulting  from  sununer  tilkp 
is  very  marked.  The  cotton  on  cropped  land  was  greatly  helped  by 
seasonal  rains  during  July  and  August,  a  critical  period  with  this  crop. 
The  yield  of  com  on  the  cropped  land  was  only  one-sixth  and  of 
sorghum  one -third  that  on  summer -tilled  land.  Oats  grown  as  a 
hay  crop  during  the  winter  months  were  a  failure  except  on  the 
summer-tilled  land.  These  results  were  obtained  during  an  exceed- 
ingly dry  year.  Usually  the  rainfall  of  this  region  is  sufficient  to 
make  crop  rotations  practicable,  although  cultivated  crops  should 
be  used  as  far  as  possible. 

NORMAL  PB.ECIPITATION  OF  THE  WBSTEBN  UNITED  STATBa 

Table  VI  has  been  specially  compiled  for  this  bulletin,  principaDy 
from  the  numerous  reports  of  the  United  States  Weather  BureAu, 
and  includes  the  rainfall  records  available  to  January,  1910.  The 
table  gives  the  station,  the  county  in  which  the  station  is  located^ 
tho  elevation  of  the  station  above  sea  level,  the  normal  precipitation*— 
that  is,  the  average  annual  precipitation  for  a  number  of  years — ^aod 
the  number  of  years  of  records  upon  which  the  normal  is  based,  ending 
with  the  year  given  in  the  table. 

In  the  state  rainfall  maps  (figs.  6-23)  each  number  on  the  map 
represents  the  normal  rainfall  at  the  station  located  at  that  point 
These  maps,  which  were  prepared  from  the  figures  given  in  the  tables, 
show  the  distribution  of  the  raiof  all  in  each  State.  The  heavy  curved 
lines  drawn  through  the  maps  pass  through  points  having  approxi- 
mately the  same  rainfall.  The  amount  of  rainfall  in  inches  repre- 
sented by  each  line  is  shown  by  the  numbers  at  the  ends  of  the  lin& 
These  lines  have  been  drawn  when  possible  to  represent  differences 
of  5  inches  in  the  rainfall.  For  example,  in  the  Kansas  map  one  line 
passes  through  points  having  an  annual  rainfall  of  20  inches,  another 
line  through  points  where  the  rainfall  is  25  inches,  and  so  on.  In 
some  States  there  are  found  separated  regions  which  have  the  same 
rainfall,  as  in  Colorado.  These  lines  have  been  located  by  means  of 
the  figures  given  on  the  map,  so  that  the  figures  are  to  be  considered 
rather  than  the  lines.  The  county  boundaries  in  each  State  hare 
been  revised  to  date  from  the  maps  of  the  P<ist-Office  Department 
The  precipitation  tables  and  maps  will  be  found  arranged  alphabetic- 
ally according  to  States. 


^  The  term  ''  precipitation  "  is  used  so  fis  to  include  both  rain  and  snow.  The  bdow 
that  fallH  into  the  gauge  in  the  winter  is  melted,  and  the  water  is  measured  and  treated 
in  tho  rec'ordei  as  rain.  The  records^  then,  include  the  total  precipitation  for  the  yetfi 
whether  rain  or  snow,  but  measured  always  as  rain. 
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na.  6.— HdnWI  m*p  of  AtUoub.    The  flgurea  sboff  the  average  u 
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Fig.  7.— Rainfall  map  of  California.    The  figures  show  the  avera^  ^umimi  ndn^u  in 
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Fig.  8.— Rainfall  map  of  Colorado.    The  figures  show  the  average  annual  rainfall  in  Inches. 
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Fio.  9.  — Rainlall  map  of  Idaho.    The  flgores  show  the  avonge  annual  ratoMl  In  fn^eB. 
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Fto.  10.— Rainfall  map  of  Kanaas.    The  figures  show  the  average  annual  ralnfiUl  In  inches. 


VlQ.  ll.~RalnfUl  map  of  Montana.    The  figures  show  the  average  annual  rainfall  in  inches. 
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Flo.  13.— RiUnteU  map  o[  Nebraska.    Tbe  flgum  sbow  lb«  averace  aoDiul  nlnlall  ia  iiKbti. 
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Pig.  14.— Rainfall  map  of  New  Mexico.    The  flgures  show  Ihe  average  annual  rainfall  in  inches. 
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FxQ.  15.— Rainfall  map  of  North  Dakota.    The  figures  show  the  average  annual  rainfall  in  inches. 


Fio.  16.— Rainfall  map  of  Oklahoma.    The  figures  show  the  average  annual  raln£Ul  in  In^cs. 
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na.  IT.— Ralnlill  map  of  Oregon.    The  Ogum  show  the  average 
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^G.  19.-  Rainfall  map  of  Texas,  oiustiTii  part.    The  figures  show  the  average  annual  rainfall  in  inches. 
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Fia.  21.— Ralnhll  map  or  UMb.    Tbe  Dguna  sbow  Ui«  Kvenc*  u^iual  nlulill  In  iodia. 
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Table  VI.— 


Normal  precipitation  of  stationa  in  the  western   United  Statei  grwfd 

according  to  States, 


ARIZONA. 


Station. 


AUaires  Ranch 

Arizona  Canal  Dam 

Aztec 

Benson 

Bisbee 

Bonlta 

Bowie 

Buckeye 

Cosagrande 

Clifton 

Cline 

Cochise 

Columbia 

Congress 

Crittenden,  Camp 

Date  Creek,  Camp 

Douglas 

Dmgoon 

Duclleyvllle 

Experiment  Station  Farm. 

Flagstaff 

Florence 

Fort  Apache 

Fort  Bowie 

Fort  Defiance 

Fort  (irant 

Fort  Hnachuca 

Fort  Lowell 

Fort  McDowell 

Fort  Mohave 

Fort  Thomas 

Fort  Verde 

(Ilia  Bend 

Globe 

Holbrook 

Jerome 

Kinsman 

Maricopa 

Mesii 

Mohawk  Summit 

Mount  Huachuca 

Nivlural  Bridge 

Omcle 

Oro 


County. 


Pantano 

Parker 

Peoria 

Phoenix 

Phoenix  (A). 
Pinal  Ranch. 

Prescott 

Rooj*evcll 

St.  Michael.. 

San  Carlos 

San  Simon . . , 

Sentinel 

Showlow 

Signal 

Strawberry.. 
Texas  Mill.., 
Tontt>stone.. 
Tuba 


Tuci^on, 
Vt 


•all, 


Walnut  Grove, 
Wickenburg... 

Willoox 

Williams 

Yarnell 

Yuma 


Cochise. 
Maricopa. 
Yuma. 
Cochise, 
do. 
Graham. 
Cochise. 
Maricopa. 
Pinal. 
Graham. 
Gila. 
Cochise.. 
Yavapai . 

do... 

Pima.... 
Yavapai . 
Cochise.. 
Cochise.. 
Pinal.... 
Maricopa. 
Coconino. 
Pinal.... 
Navajo... 
Cochise.. 
Apache.. 
Graham.. 
Cochise.. 

Pima 

Maricopa 
Mohave.. 
Graham . . 
Yavapai . 
Maricopa. 

Glia 

Nave^o. . . 
Yavapai . 
Mohave.. 
Pinal.... 
Maricopa. 
Yuma... 
Cochise.. 

Gila 

Pinal.... 
Graham.. 

Pima 

Yuma..: 
Maricopa. 

do... 

do... 

Pinal.... 
Yavapai . 

Gila 

Apache.. 

Gila 

Cochise.. 
Maricopa. 
Navajo. . . 
Mohave.. 
Coconino. 
Yuma... 
Cochise.. 
Coconino. 

Pima 

do... 

Yavapai . 
Maricopa. 
Cochise.. 
Coconino. 
Yavapai . 
Yuma... 


Ele^-a- 
tion. 


Fed. 

4,184 
»1.372 

492 
3.523 
5,500 
4,916 
3.756 

980 
1,396 
3,610 
2.300 
4.219 
1,900 
3,688 
2.000 
3.726 
3.930 
4,611 
2.360 
1.092 
6.907 
1.553 
5.200 
4.781 
6.950 
4.916 
5.100 
2.400 
1.250 

604 
2.700 
3.160 

737 
3.525 
5,069 
4.743 
3.326 
1.186 
1.24t 

538 
5.000 
4,990 
4,500 
3.610 
3,536 

345 
1.200 
1,108 
1,092 
4.520 
5,660 
1.983 
6,950 
2.456 
3.609 

685 


1.652 

5,875 

353 

4,550 


Number 

of  years 

recorded. 


Reoard 
ended— 


Nflrmal 
pnopi- 

tatioe 


2,390 
3,241 
3,549 
1.400; 
4.164  I 
6.750 
4.700 
141 


^  I 


12 

16 
10 
24 
18 
28 

9 
17 
21 
16 

9 
10 
10 
12 

5 

6 

6 

9 
30 
15 
17 

9 
29 
23 

8 
23 
23 
19 
24 
15 
10 
22 
18 

6 
19 
12 

7 
26 

13 

** 

i 

12 
18 
13 
11 
10 
10 

9 
14 
18 
14 
29 

4 
12 
21 
19 
10 
«8 
16 

5 
11 
10 

t 
29 
10 
14 

t 

27  1 

7  ! 
11  < 

28  1 


)i\ 


1906 
1908 
1908 
1908 
1908 
1908 
1908 
1906 
1906 
1»7 
190K 
1906 
1908 
1908 
1872 
1873 
1908 
1902 
1908 
1907 
1908 
12^90 
1908 
1890 
1903 
1903 
1908 
1890 
1890 
1904 
1890 
1«W 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1907 
1902 
1906 
1906 
1904 
1900 
1905 
1900 
1908 
1906 
1906 
1908 
1908 
1906 
1906 
1908 
1908 
1902 
1908 
1901 
1899 
1908 
1906 
1906 
1908 
1906 
1885 
1906 
1906 
1906 
1906 


IL* 
U 
II 
10 

n.7 
&i 

AS 

7.S 

7.1 

0.8.1 

!&» 

ASi 

U.«l 

Hi 

I&J 

14.1 

13.41 

Ui 

14.  ( 

Is.  I 

l.\l 
It.  I 
lil 
l\l 

IK 

&.] 
u.( 
111' 

i4 

l&i 

Sw> 

1&3 

11. » 

&f 

&$ 

iT 

US 

2l: 

17.1 
115 

HI 
:.9 

7.5 
34-» 
17.3 
21.5 
U.i 

lis 

^4 

1* 
li» 

7.4 
21  S 

15 
142 

Hi: 

5.S 
113 

9.» 

8.5 
21-5 
1&9 

11 
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LBLE  VI. — Normal  pr^cipUation  of  stations  in  the  western    United  States  grouped 

according  to  States — Continued. 


CALIFORNIA. 


Station. 


jnew... 

osta 

ta 

laheiin. 
iKlola.. . 
itioch.. 

»tos 

hlone.. 
iburn.. . 


Eleva- 
tion. 


nxa 

fdad 

hBersfield 

iistow 

alcia  Barracks 

nndo 

rkeley 

%  Dry  Creek  . . . 

Shop 

ne  Canj'on 

Ka 


idie 

irden 

Milder  Creek. . 
iwmans  Dam. 

auiscomb 

RODtwood 

tighton 

fion. 


ibftzon 

dlBQte 

lUstoga 

impl)ell 

istroville 

Miarville 

Btral  Point. 

terokee 

Uco. 


Iiino 

iKo 

bremont. 
bverdaJe. 
DiesroTe. 
otbx. 


olton 

oinsa 

Brning 

nftoDTllle 

MKentCity... 
kystal  Springs. 
Qyaznaca 

bvisvilte 

Itkmo 

Mta. 


teoba 

^lytown 

Hninigan 

lODsmiiir 

Durham. 

[•St  Brother  (LVh.) 

MbDanton 

aCftjon 

aporado 

EDb. 


Ebntoa 

Bmwood...'..'. 

5*»re 

DVerano 

^Disrant  Gap. 

ERoDdldo 

Mreka 

Ittter 

Jm  Brook 

nnUoD  Island, 
'wnington.v,. 


Santa  Clara 

Los  Angeles 

Placer 

Orange 

Tulare 

Contra  Costa 

Santa  Cruz 

Merced 

Placer 

Los  Angeles 

San  Bernardino. 

Kern 

San  Bernardino. 

Solano 

Madera 

Alameda 

Fresno 

Butte 

Inyo 

Placer 

Nevada 

Mono 

Fresno 

Santa  Cruz 

Nevada 

Mendocino 

Contra  Costa 

Sacramento 

Contra  Costa 

Riverside 

Kem • 

Napa 

Santa  Clara 

Monterey 

Modoc 

Merced 

Butte 

do 

San  Bernardino. 

Placer 

Los  Angeles 

Sonoma 

Los  .\ngeles 

Placer 

San  Bernardino. 

Colusa 

Tehama 

San  Bernardino. 

Del  Norte 

San  Mateo 

San  Diego 

Yolo 

Kem 

Sha.sta 

Tulare 

Amador 

Yolo 

Siskiyou 

Butte 

Contra  Costa 

Plumas 

San  Dipgo 

Eldorado 

San  Joaquin 

Solano 

Stanislaus 

Riverside 

Sonoma 

Placer 

San  Diego 

Humlwldt 

Tulare 

San  Dieeo 

San  Francisco. . 
San  Joaquin 


Number 

of  years 

recorded. 


7 

6 
16 
27 

6 
29 
24 

5 
38 
U 

6 
20 

C 
36 
11 
22 

7 

10 
13 
10 
35 
12 
16 
11 
25 

9 
23 
13 
26 
13 
33 
37 
12 
11 
15 

7 
11 
39 
16 
39 
17 

7 

8 
39 
28 
26 
23 
17 
18 

9 
10 
37 
33 
26 

(') 
13 
32 
20 
25 
15 
10 

9 
15 

8 
18 

8 
14 
10 
35 
21 
23 

i 
28 

6 
31 


Record 
ended— 


1898 
1886 
1885 
1904 
1905 
1907 
1908 
1890 
1908 
1908 
1908 
1908 
1908 
1890 
1899 
1908 
1878 
1908 
1907 
1908 
1904 
1906 
1890 
1899 
1903 
1908 
1899 
1890 
1905 
1908 
1908 
1908 
1908 
1899 
1908 
1S86 
1884 
1908 
1908 
1908 
1908 
1908 
1890 
1908 
1904 
1908 
19(XS 
1908 
1907 
1884 
1908 
1908 
1908 
1908 
18f>9 

nm 

1908 
1908 
HMW 
1890 
1902 
1908 
1903 
1878 
1903 
1907 
1908 
1899 
IIMS 
19<:« 

y.m 

1899 
1903 
1908 
1907 


Normal 
precipi- 
tation. 


Inches. 
13.9 
25.4 
42.1 
11.5 

5.6 
12.6 
25.6 
11.3 
33.5 
13.9 

4.5 

4.8 

4.1 
16.3 
10.1 
26.4 
16.6 
21.8 

4.7 
64.1 
20.1 
13.0 

9.0 
59.6 
7L4 
88.8 
13.5 
17.2 
13.0 

0.6 
10.6 
35.0 
13.2 
17.0 
13.9 

9.7 
44.9 
22.4 
13.2 
49.7 
16.0 
47.9 
21.3 
46.6 
10.5 
16.6 
20.8 
13.1 
70.2 
38.2 
37.4 


16. 

6. 
60. 

8. 
29. 
19.1 
56.3 
23.7 

8.3 


5 
1 
1 
6 
6 


,7 
5 
2 

,9 
3 
3 


70. 

8. 
37 

8. 
22. 
10. 
11.0 
36.4 
51.7 
13.5 
45.9 

9.5 
17.3 
18. 9 
16.3 
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Table  VI. — Normal  predpUation  of  Mtations  in  the  weUem    United  StaUM 

according  to  Statn — Ck>ntmued. 

CALIFORNIA-Contlxiiied. 


Sfcatkm. 


FBlton 

Fieraando 

Firebaugh 

Florence 

Folsom 

Fordyce  Dam. . 
FortBldwell... 

Fort  Gaston 

Fort  Humboldt. 

Fort  Ross 

Fort  Yuma 

Fresno 

Frulto..'. 

Gait... 


County. 


Eleva- 
tion. 


Geors^town 

GUroy 

Glrard , 

Glendora 

Gold  Run 

Gonzales 

Goshen  Junction. . 

Grand  Island 

Grass  Valley 

Grayson 

Greenville 

Guadaloupe 

Guinda 

Hanford 

Haywards 

Healdsburg 

Helen  Mine 

Holllster 

Hombrook 

Humboldt  (L.  H.). 

Huron 

Idyllwild 

Independence 

Indio 

lone 


lowaHlU 

Isabella 

Jackson  (near) 

Jamestown 

Jolon 

Keeler 

Keene 

Kenned V  Gold  Mine. 

KemvUfe 

King  City 

Kingsburg 

Knights  Landing 

Kono  Tayee 

La  Grange 

Lakeport  (near) 

La  Porte 

Lathrop 

Laurel 

Le  Grand 

Lemon  Cove 

Leraoore 

Ltek  Observatory. . . 

Livermore 

Lodl 

Los  Angeles 

Los  Banos 

Los  Gatos 

Mammoth  Tank 

Manzana 

Martinez 

Marysville 

Mendota 

Menlo  Park 

Merced 

Milton 

Modesto 


Santa  Cnu 

Los  Angeles. . . 

Fresno 

Los  Angeles. . . 
Sacramento... 

Nevada 

Modoo 

Humboldt 

....do 

Sonoma 

Imperial 

Fresno 

Glenn 

Sacramento 

Eldorado 

Santa  Clara 

Kern 

Los  Angeles. . . 

Placer 

Monterey 

Tulare 

Colusa 

Nevada 

Stanislaus 

Plumas 

Santa  Barbara. 

Yolo 

Kings 

Alameda 

Sonoma 

Lake 

San  Benito 

Siskiyou 

Humboldt 

Fresno 

Riverside 

Inyo 

Riverside 

Amador 

Placer 

Kern 

Amador 

Tuolumne 

Monterey 

Inyo , 

Kran , 

Amador 

Kern , 

Monterey , 

Fresno 

Yolo 

Lake 

Stanislaus 

Lake 

Plumas.. 

San  Joaouin... 
Santa  Cms. .. . 

Merced 

Tulare 

Kings 

Santa  Clara 

Alameda 

San  Joaquin... 
Los  Angeles. . . 

Merced 

Santa  Clare 

Imperial. 


Los  Annies. 
Contra  Costa 

Yuba 

Fresno 

Ban  Mateo. . 

Merced 

Calaveras... 
BtmfalBHs... 


FeH. 
275 

1,066 
150 
153 
252 

6,500 

4,640 
aB7 
50 
100 
276 
203 
624 
49 

2,650 
193 

3,302 


Number 

of  years 

recorded. 


3,222 

127 

286 

65 

2,000 

55 

3,000 


350 

240 

75 

52 

2,750 

284 

2,154 

8 

367 

5,250 

3,007 

-30 

287 

2.825 

2,500 

1,900 

1,471 


3,620 

2,705 

1,500 

2,000 

333 

301 

45 

1,325 

2S0 

1.325 

5,000 

25 

910 

255 

600 

227 

4,200 

485 

45 

293 

121 

600 

257 

2,860 

10 

67 

177 

64 

173 

600 

00 


10 
26 
14 
10 
37 
14 
24 
29 
13 
33 
28 
22 

ao 

81 
36 
35 
11 

5 
10 
10 
21 

6 
25 
14 
15 

6 
11 

9 

9 
16 

8 
35 
19 
15 
11 

8 
13 
31 
31 
30 

7 
19 

6 
15 
24 
21 
11 

5 
22 
20 
29 
21 
23 
22 
15 
21 
11 

0 
10 
20 
28 
38 
21 
32 
36 
24 
31 

8 
21 
38 
14 
31 
35 
10 
38 


Recoitl 


X4 


1903 
1886 

\a» 

1906 

1906 

1800 

1890 

1866 

1906 

1883 

1906 

19QB 

1906 

1906 

1908 

1899 

1809 

1906 

1906 

1899 

1899 

1809 

1884 

1906 

1899 

1906 

1906 

1899 

1906 

1906 

1906 

1907 

1800 

1902 

1906 

1908 

1906 

1906 

1906 

1905 

1902 

1906 

1890 

1906 

1899 

1902 

1899 

1908 

1899 

1906 

1002 

1800 

1903 

1906 

1899 

1899 

1906 

1906 

1899 

1008 

1906 

1906 

1908 

1906 

1908 

1906 

1901 


{ 


I 

t 

% 

% 

\ 

|] 

41 

U 

19 

I 

% 
« 
« 
13 
U 
H 
A 

i 


1906 
1907 
1908 
1906 
190B 
1008 


\ 

n 
II 

m 

II 

M 

IX 

X 

1 

n 
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%UB  VI. — Normal  precipitation  of  stations  in  the  western   United  States  grouped 

according  to  States — Continued. 


CALIFORNIA— Continued. 


Station. 


County. 


Eve 

selumne  Hill . 

ttague 

iterey 

iterio 

DDt  Hamilton . 
mt  Tamalpeis. 
intain  V^iew. . . 

la  City 

*(S.  H.) 

dies 

«da  City 

r  Almaden 

rork 

rcastle 

rball 


nnan 

olaus 

B  (near) 

dhoff  (near) 

th  Bloomfield . . . 
th  Hill  Vineyard. 

tb  Ontario 

lb  San  Juan 

•walk 

cdale 

eland 

It>y 

ta 

tario  (near) 

and 


eans 

prille  (near) . 


aro 

lermo 

kn  Springs 

■dena 

ID  Kobles 

Siland 
uma 

peon  Point 

ifcitos 

bt  Creek 

le  Crest 

icerville. 

asanton 

Int  AnoNuevo  (L. 
hit  Arena  (L.  II.)- 
hit  Bonila(L.  II.) 
fait  Conception  ( L. 

hit  Lobes 

rt  Los  Angeles — 
hat  Montara  (L.  H. 

6%  Reyes 
«ky 

IDBona 

rterville 

k»y 

hiceton 

lente 

Ilncy 

iTenna 

Id  Bluff 

riding 

Idlands 

»edley 


H.) 


H.). 


)■ 


tags  Station.. 

Iterside 

b  Vista 

^cklin 

pKvood 

lenunento — 
BrBniento(2). 


Kern 

Calaveras 

Siskiyou 

Monterey 

Kern 

Santa  Clara 

Marin 

Santa  Clara 

Napa 

do 

San  Bernardino., 

Nevada , 

Santa  Clara 

Alameda 

Placer 

Los  Angeles 

Stanislaus 

Sutter 

Alameda 

Ventura 

Nevada 

Calaveras , 

San  Bernardino. 

Nevada 

Los  Angeles 

Stanislaus 

Alameda 

Imperial 

Amador 

San  Bernardino. 

(]lenn 

Humboldt 

Butte 

Monterey 

Butte 

Riverside 

Los  Angeles 

San  Lub  Obispo. 

Sonoma 

do 

San  Mateo 

do 

Eldorado 

Santa  Barbara. .. 

Eldorado 

Alameda 

San  Mateo 

Mendocino 

Marin 

Santa  Barbara. .. 

San  Francisco 

Los  Angeles 

San  Mateo 

Marin 

Fresno 

L6s  Angeles 

Tulare 

San  Diego 

Colusa 

I>os  Angeles 

Plumas 

Los  Angeles 

Tehama 

Shasta 

San  Bernardino. 

Fresno 

Sacramento 

San  Barnardino. . 

Riverside 

Solano 

Placer 

Tehama 

Sacramento , 

do 


Elevap 
tion. 


Feet. 
2,751 
1,550 
2,450 
15 
4,500 
4,440 
2,375 


15C 
124 
258 
250 
25 


Number 

of  years 

recorded. 


20 

60 

477 

2,580 

340 

25 

970 

1,200 

91 

42 

87 

3.210 

3,200 

660 

1.750 

2.130 

95 

156 

36 

354 

1,510 

860 

254 

520 

250 

22 

213 

584 

828 

800 

190 

10 

150 

620 

4,000 

1,000 

1,875 

353 


490 

1,200 

860 

464 

460 

57 

320 

3,400 

2,262 

307 

552 

1,352 

347 

305 

4,. 300 

851 

28  ( 

249  i 

865  ! 

71 

35 


Record 
ended-— 


31 

1907 

16 

1906 

30 

1906 

51 

1908 

9 

1907 

10 

1890 

10 

1908 

13 

1809 

31 

1908 

32 

1906 

15 

1906 

38 

1906 

12 

1899 

10 

1899 

16 

1908 

32 

1908 

20 

1908 

12 

1889 

21 

1906 

8 

1905 

27 

1908 

13 

1902 

6 

1902 

** 

1903 

10 

1899 

15 

1906 

35 

1908 

14 

1903 

10 

1901 

11 

1904 

27 

1906 

6 

1908 

25 

1908 

25 

1899 

18 

1908 

20 

1908 

6 

1899 

22 

1908 

13 

1908 

19 

1890 

13 

1888 

20 

1884 

5 

1899 

11 

1908 

32 

1908 

21 

1899 

15 

1890 

15 

1890 

15 

1890 

14 

1890 

16 

1908 

6 

1899 

15 

1890 

17 

1908 

6 

1902 

9 

1902 

20 

1908 

25 

1908 

14 

1887 

10 

1899 

14 

1908 

19 

1899 

32 

1908 

34 

1908 

16 

1908 

9 

1908 

12 

1904 

8 

1882 

27 

1906 

14 

1906 

3S 

1908 

10 

1903 

32 

1908 

59 

1908 

Normal 
precipi- 
tation. 


IncKu. 
4.8 
3L2 

ia4 

15.6 
16.8 
34.3 
28.9 
16.4 
25.5 
2S.2 

2.8 
65.8 
23.4 
17.7 
28.8 
15.6 
11.2 
18.6 
19.4 
15.8 
53.5 
22.5 
16.1 
47.6 
ILl 
15.4 
25.0 

LI 
37.0 
12.8 
17.0 
59.9 
27.0 
19.1 
23.1 

ay 

14.5 
15.0 
37.4 
23.8 
17.8 
54.8 
64.7 
17.3 
45.6 
17.2 
23.0 
30.8 
24.2 

ia4 

19.1 
8.7 
23.8 
25.8 
10.5 
14.3 
8.4 
13.3 
15.2 
14.0 
43.2 

ia5 

26.1 
36.1 
14.7 

ia3 

26.4 
22.5 

lao 

17.6 
20.8 
25.9 
20.9 
19.4 
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Table  VI. — Normal  predpiiation  of  stations  in  the  trestem   United  StaUt  ^frewpai 

according  to  States — Continued. 

CALIFORNIA— Continued. 


Station. 


Salinas 

San  Andreas  Reservoir. 

San  Ardo 

San  Bernardino 

San  Dl^o 

San  Francisco 

San  Gabriel 

San  Oorgonlo  Pass 

San  Jacinto 

San  Jose 

San  Leandro 

San  Luis  Obispo 

San  Mateo 

San  Miguel 

San  Miguel  Island 

San  Pedro 

San  Rafael 

Sanger 

Santa  Ana 

Santa  Barbara 

Santa  Clara 

Santa  Crus. 


0 


Santa  Margarita 

Santa  Marm 

Santa  Monica... 

Santa  Paula 

Santa  Rosa 

Scott  Valley 

Selma 

Shasta 

Shingle  Springs. 
Sierra  Madre... 

Sisson 

Smartville 

Soledad 

Sonoma 

South  Vallejo... 

Spadra 

Stockton  (S.  H. 

Storey 

Sulsun 

Summerdale 

Summit 

Sumner 

Susan  vllle 

Tehachapi 

Tehama 

Tejon  Rancho 

Templeton 

Tennant 

Tequlsquita  Rancho. 

Towle 

Tracy 

Traver 

Tropico 

Truckee 

Tulare  (near) 

Turlock 

Ukiah 

Upland 

Upper  Lake 

Upper  Matlole 

Vaf'aville 

Valley  Springs 

Ventiira 

Vina 

Visalla 

Volrano  Springs 

Walnut  Creek 

Wasoo 

Watson  vIllc 

WeavervIUe 

Wesllcv 

West  Butte 

West  Point 


County. 


Monterey , 

San  Mateo 

Monterey , 

San  Bernardino.. 

San  Diego 

San  Francisco 

Los  Angeles 

San  Bernardino.. 

Riverside 

Santa  Clara 

Alameda 

San  Luis  Obispo. 

San  Mateo 

San  LuLs  Obispo. 
Santa  Barbara... 

Los  Angeles 

Marin 

Fresno 

Orange 

Santa  Barbara... 

Santa  Clara 

Santa  Crus 

San  Luis  Obispo. 
Santa  Barbara... 

Los  Angeles 

Ventura 

Sonoma 

Siskiyou 

Fresno 

Shasta 

Eldorado 

Los  Angeles 

Siskiyou 

Yuba 

Monterey 

Sonoma 

Solano , 

Los  Angeles 

San  Joaquin 

Madera 

Solano , 

Mariposa 

San  Bernardino., 

Kem , 

Lassen 

Kern 

Tehama 

Kem 

San  Luis  Obispo. 

Santa  Clara 

do 

Placer 

San  Joaquin 

Tulare 

Los  Angeles 

Nevada 

Tulare i 

Stanislaus , 

Mendocino 

San  Bernardino. 

Lake 

Humboldt 

Solano 

Calaveras 

Ventura 

Tehama 

Tulare 

Imperial , 

Contra  Costa 

Kem 

Santa  Cruz , 

Trlnltv , 

Stanislaus , 

Sutter 

Calaveras 


Eleva- 
tion. 


Feet. 

40 

377 

236 

1,0M 

03 

207 

452 

2.560 

1,550 

gs 

50 

201 

22 

616 

500 

10 

56 

371 

137 

130 

90 

20 

996 

220 

110 

350 

181 

2,570 

311 

1,049 

1.415 

1,400 

3,555 

800 

188 

30 

23 

705 

23 

296 

20 

5,270 

7.017 

422 

4,195 

3,964 

220 

1.500 

773 

335 

244 

3,704 

64 

291 

428 

5,819 

274 

106 

620 

1.750 

1,350 

244 

17.5 

673 

50 

213 

334 

220 

75 

336 

23 

2,ira 

90 

90 


Number 

of  years 

reoorded. 


35 

16 
28 
38 
38 
38 
10 
10 
16 
34 
12 
14 
35 
22 

8 
10 

1 
20 
14 
41 
27 
31 
20 
23 
24 
15 
20 
30 
23 
13 
10 
12 
20 

9 
35 
18 
18 
15 
59 

9 
29 
12 
38 
14 
20 
30 

^ 
7 

12 

7 

8 

23 

29 

13 

11 

38 

15 

21 

32 

12 

24 

17 

29 

20 

14 

14 

21 

17 

10 

9 

13 

16 

20 

10 

6 


Record 
eod6d — 


preeiFl- 

tatioo. 


1906 


1902 
908 

1906 
906 

889 


908 

908 
906 

906 

908 
906 
901 


9D4 
906 
90S 
906 
906 
906 
908 
906 
906 
903 
906 
889 
908 
906 
899 
908 
908 
1880 
908 
906 
890 
890 
906 
906 
908 
907 
906 
888 
906 
906 
906 
905 
S99 
SS5 
906 
908 
908 
899 
899 
906 
908 

KW 

90S 
906 
908 
903 
906 
906 
905 
902 
906 
905 
f^ 
908 
908 
885 
906 
889 
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^E  VL- 


SI 

Normal  precipitation  of  stations  in  the  western   United  States  grouped 
according  to  States— Contmued. 

CALIFORNIA—Continued. 


Station. 


itland 

tier 

ims 

w 

en 

Bridge 

nand 

ft  Boena  (L.  H.) 

I  cityV.V.V .!'.!! 


County. 


Yoba 

Los  Angeles. . 

Colusa 

Qlenn 

Yolo 

Placer 

Yolo 

San  Francisco 

Siskiyou 

Sutter 


Eleva- 

Number 

of  years 

reoorded. 

Record 

tion. 

ended— 

F^, 

84 

22 

1906 

239 

14 

1902 

80 

29 

1905 

136 

30 

1906 

136 

15 

1903 

565 

8 

1901 

63 

36 

1908 

345 

12 

1890 

2,635 

29 

1901 

70 

11 

1902 

Normal 
precipi- 
tation. 


Inehet. 
21.0 
12.2 
12.9 
15w5 
23.6 
33.8 
17.7 
19.4 
16.8 
22.0 


COLORADO. 


a 

d 

L 

niL 

tt. 

der 

Elder 

henrldge 

Ington 

no  City 

bRock 

»Edge 

■nao 

wnne  Wells  .*.'..'..... 

rVlew 

no 

ndo  Springs 

\ 

pie  Creek 

^......./..  '.'...... 

iw 

BODt 

lago 

;Collins 

t  Garland 

tLewis 

tLyon 

tlfoancliusetts 

tMorgan 

Dett 

igetown 

too 

nKyrie. ...!!!!!!;.;! 

jyyd  Springs  (near) 

jdvauey."'.'.*.!;;;;; 
■p« ::::::::: 

nnoas 

*ne<iiear').!!!I !!!!."! 
It 

» '.['.'".".".' 

f^Sg? 

■ftr.... 

I  AliiiiuKi 

r-......:;: 

iJviUe... 

l«y(near).v;.";;;;;; 

■Pnont..... 

Si^peak(nea^):::::: 
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Washington. 

Larimer 

Park 

Pitkin 

Baca 

Boulder 

I^arlmer 

Summit 

Kit  Carson.. 

Fremont 

Douglas 

Delta 

Jefferson 

Cheyenne... 
Las  Animas. 

Mesa 

El  Paso 

Washington. 

Teller 

Logan 

Delta 

Denver 

Clear  Creek. 
La  Plata.... 

Larimer 

Costilla 

La  Plata.... 

Bent 

Huerfano... 

Morgan 

Yuma 

Mesa 

Costilla 

Clear  Creek. 

Eagle 

El  Paso 

Garfield 

Mesa 

Garfield 

Weld 

Gunnison... 

Elbert 

La  Plata.... 
Las  Animas. 
Prowers.... 

PhUIlns 

Lincoln 

El  Paso 

Clear  Creek. 

El  Paso 

Prowers 

Larimer 

Bent 

Routt 

Lake 

Logan 

Boulder 

Larimer 

Monteeuma. 


4,650 


10,228 
9,483 
3,935 
5,347 


9,536 
4,160 
5,329 
6,220 
6,175 
6,890 
4,279 
9,500 
6,000 
6,098 


9,396 
3,605 
4,965 
5,272 
8.000 
6,534 
4.985 
7,937 
8,500 
4.000 
8,365 
4,319 


4,510 
7,576 
8,550 
8.500 
6,500 
5,823 
4,008 
5,069 
4,637 
7,670 
5,400 
6.700 
5.700 
3,380 


5,068 
6,506 
7.543 
10,265 
3,592 
5,069 

O,  099 

6,162 
10.248 
4.380 
4,935 
8,600 
6,960 


6 

1908 

19.1 

11 

1905 

17.8 

10 

1896 

14.1 

9 

1909 

19.7 

18 

1909 

1&.7 

14 

1900 

18.2 

12 

1902 

16.6 

19 

1906 

26.5 

7 

1909 

20.4 

21 

1909 

12.2 

18 

1909 

17.2 

11 

1902 

n.3 

7 

1909 

14.3 

16 

1909 

16.6 

17 

1906 

22.9 

17 

1909 

15.0 

30 

1909 

14.3 

13 

1909 

19.6 

9 

1909 

17.2 

7 

1899 

15.9 

20 

1909 

8.1 

38 

1909 

14.0 

10 

1900 

1&6 

17 

1909 

17.8 

28 

1909 

14.8 

22 

1883 

12.7 

10 

1890 

17.2 

20 

1889 

n.i 

6 

1858 

17.2 

12 

1909 

12.3 

12 

1908 

16.6 

11 

1909 

10.3 

17 

1909 

6.6 

8 

1909 

12.5 

14 

1903 

19.2 

18 

1900 

15.9 

11 

1908 

13.1 

19 

1909 

8.5 

18 

1909 

12.6 

19 

1909 

12.3 

17 

1909 

9.3 

17 

1909 

14.0 

7 

1882 

14.3 

18 

1909 

13.9 

15 

1900 

14.8 

7 

1902 

15.2 

7 

1901 

16.5 

18 

1904 

15.8 

10 

1909 

15.1 

16 

1909 

25.1 

20 

1909 

16.0 

19 

1909 

15.6 

42 

1909 

11.7 

10 

1909 

12.5 

14 

1909 

13.8 

21 

1900 

16.6 

8 

1896 

15.2 

13 

1908 

19.0 

U 

1909 

17.0 
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Table  YI. — Normal  precipitation  of  stations  in  the  western    United  SUUa  frnpi 

according  to  States — Continued. 

COLORADO— Con  tinued. 


Station. 


County. 


Meeker 

Minneapolis 

Montrotte 

Moraine 

Pagoda 

Paonia 

Parachute 

Pllces  Peak 

Platte  Cannon 

Pueblo 

Rangelev 

Red  Cliff 

Rico 

Rocky  Ford  (near) , 

Roeers  Mesa 

Ruby 

Sacuache 

Saliia 

San  Luis 

Santa  Clara 

Sciberr 

Sheridan  Lake 

Silt  (near) 

Smoky  Hill  Mine.. 

Sprinpfleld 

Stamford 

Steamboat  Springs. 

Sugar  Loaf 

Surface  Creek 

Thon 

Trinidad 

Twin  Lakes 

T.  S.  Ranch 

Vilas 

Wacon  Wheel  (lap. 

Waklen 

Wallet 

Waterdale 

We^lcliff 

While  Pine 

Wray 

Yuma 


Rk)  Blanco. 

Baca 

Montrose... 

Larimer 

Roult 

Delta 

Garfield 

El  Paso 

Jefferson . . . . 

Pueblo 

Rio  Blanco. 

Eagle 

Dolores 

Otero 

Delta 

Gunnison... 
Saguache... 

Chaffee 

CostUla 

Huerfano.. . 
Kit  Carson.. 

Kiowa 

(Jarfleld 

fioulder 

Baca 

Las  Animas. 

Routt 

Boulder 

Delta 

Elbert 

Las  Animas. 

Lake 

Mesa 

Baca 

Mineral 

Jackivn 

KltCanion.. 

I^arlmer 

Custer 

Gunnison... 

Vuma 

do 


EleTa- 
Uon. 


Feet. 
6,182 
3.935 
5.811 
7,775 
(i.oUO 
5.684 
5,105 

14.134 
5.492 
4,734 
5,010 
8.500 
8.737 
4.177 
5.345 

lo.ono 

7,745 
7,035 
7,794 
8.500 
4,705 
4.065 
5,441 
7.800 
4.400 
9,500 
6.683 
7,800 
6.1 75 
6.500 
5.994 
9,200 
5,200 
4.155 
8,434 


5.20e-* 
7.864 
9,500 
3,512 
4.128 


Number 
of 


I 


Raeard 
ended— 


18 

19» 

9 

1809 

21  ; 

1900 

17 

1906 

19 

1909 

15 

1909 

10 

1904 

15 

li^ 

6  > 

19118 

22  , 

1909 

11 

1909 

7  ' 

1806 

6 

1806 

21 

1900 

10 

1908 

8 

1903 

17  , 

1907 

11  1 

1900 

19; 

1000 

11 

1909 

10 

1901 

9 

1900 

12  ; 

1906 

9  I 

18Sb 

8 

1809 

J9 

1898 

7 

1900 

13 

1903 

6 

I«07 

9  < 

I89« 

12  ! 

1906 

9  1 

1902 

15 

1901 

19 

1909 

8 

1906 

6 

1901 

8 

1902 

15 

1900 

16 

1909 

9 

19iB 

15 

1908 

19 

1909 

IDAHO. 


Albion. .. 
Americiin 

Atlanta 

Black  foot.. 
Blue  Lakes 

Boise 

Buhl 

Burnside. .. 
Caldwell . . . 
Cambridge. 
Chesterfield 

Dent 

Downey 

Ellerslie..., 

Enimett 

Forney 

Ciarnet 

Grangeville, 

Gray , 

Hailey 

Holspring.. 
Idaho  Falls. 

KelloKR 

Kootenai... 

Lake 

Lake  view.. 
Landore 


Falls. 


Cassia 

Oneida 

Elmore 

Bingham 

Lincoln 

Ada 

Twin  Falls... 

Fremont 

Canyon 

Washington.. 

Bannock 

Nez  Perccs... 

Bannock 

Elmore 

Canyon 

Lemhi 

Elmore 

Idaho 

Bingham 

Blaine 

Owyhee 

Bingham 

Shoshone 

Bonner 

Fremont 

Bonner 

Washington., 


4.341 
7.000 
4.503 
3.225 
2.770 
3.800 
5,500 
2,372 
2.651 
5.424 
1.350 
5,425 
3.500 
2,350 


2,575 
3.500 


5.347 
2.752 
4,742 
2,330 
1,750 
6,700 
2,250 
5,300 


5 
16 

5 
13 

2 

in 

2 

11 

3 

13 

12 

2 

6 

3 

2 

12 

9 

5 

3 

4 

3 

14 

3 

8 

16 

12 

5 


1904 

1908 

1899 

1908 

1904 

1908 

1908 

1903 

1907 

1908 

1908 

1908     ' 

1901     ! 

1907 

1906 

1908 

1906 

1904 

1899 

1901 

1908 

1906 

1907 

1900 

1906 

1906     , 

1906     I 


I 

1 
£ 

1 
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«  VI.— 


Normal  precipitation  of  stations  in  the  western    United  States  grouped 
according  to  States — Continued. 


ID  A  H  O— Continued. 


Btetlon. 


►  .  - 

Hon 

River 

ovcs , 

r 

>w 

Ltaia  borne. 

*y.-- 

ftugh 

sy 


QO. 


County. 


Ue 

fcello 

ck 

fcrs 

lill 

t  River 

le 

evelt 

ert 

[aries 

D 

ton j  Lemhi.... 

ker !  Blaine 

dro(i I  Cassia 

%  Valley Ringhain . . 

1  Falls I  Twhi  Falls 

ion Fremont. . 

ton Oneida 


Boise 

Nez  Perces. . 

Blaine 

Washington. 
Twin  Falls. . 

Latah 

Elmore 

Shoshone... 
Twin  Falls.. 

Cassia 

Boise 

Nez  Perces. . 
Bear  Lake.. 

Canyon 

Bannock 

Idaho 

Canyon 

Bonner 

...do 

Owyhee 

Idano 

Lincoln 

Kootenai... 
Fremont 


Eleva- 
tion. 


Feet. 
5,050 
757 
5.700 
3,950 
4,097 
2.748 
3,150 
2,750 


4.191 
3.100 
1.027 
5,940 
2,159 
4,48:) 
2,050 
2,425 
1,665 
2,078 
0,200 
7,250 
4.204 
2,062 
5,000 
4,040 
5,140 


5.434 
3,825 


Number 

of  years 

recorded. 


4,4(i0 


4 

15 
14 

6 

5 
16 

3 
15 

2  I 
16 
U 

5 
12 
16 

9 

9 

8 
Iti 

8 

3  I 
4 
2 

12 
3  ' 
3  i 

14  , 
3  i 
5  i 
3  I 

12 
8 


Record 
ended— 


Normal 
precipi- 
tation. 


1908 
1908 
1908 
1908 
J  908 
19(»8 
1908 
19'18 
1908 
1908 
1905 
1908 
1908 
1908 
1908 
1904 
1908 
1908 
1905 
1903 
1906 
1908 
1908 
1907 
1908 
1908 
1908 
1899 
1908 
1908 
1905 


4 
2 


Inches. 
29.6 
13 

9 
21 
U.O 
22.6 
11.3 
37. 6 
15.4 

9.3 
21.0 
28. 
12. 
12.0 
12.9 
14.3 
10.3 
23.0 
29.5 
12.1 
23.4 
15.1 
28.7 
16.0 
10.4 
14.9 
17.3 
15.8 
12.4 
14.5 
13.1 


KANSAS. 


Dickinson. 

Illes I  Rawlins . . 

icultunil  College ...    Riley 

Wilson.... 


hooy 

land..... 

bison 

mr 

lit 

Uni^ton.. 
f  Center.. 

ky 

Iwater... 
■mbus... 
leordia... 

IWge 

iningbam , 
lieClty.. 


lorado.. 
hi  wood. 


wood. 


Rka 

■  River 

mswortb 

It  Leavenworth. 

It  Riley 

ft  Scott 

Bkfafrt 

tnlcnCity 


mola.. 
Brison. 

IfS.... 
MtOO.. 


Harper 

Clark 

.\tchison 

Brown 

Mitchell 

Coffey 

Clay 

Thomas 

Comanche... 

Cherokee 

Cloud 

Hamilton 

Kingman 

Ford 

Decatur 

Butler 

Barton 

Lvon 

Cfark 

Dickinson . . . 
(.Ireenwood.. 

do 

Lane 

Leavenworth 

Geary 

Bourbon 

Marshall 

Finney 

Trego 

Gove 

Elk 

Jewell 

Ellis 

Brown 


1.157 
2.827 
1.100 

815 
1,329 
1,951 

973 
1,182 
l,38:i 
1.010 
1,2(« 
3.138 
2,090 

898 
1,398 
3,346 
1,680 
2. 513 
2.731 
1,291 
l,7S.S 
1,138 
1.95.5 
1.144 
1.093 

023 
2.850 

788 
1.070 

857 
1.146 
2.8:16 
2.475 
2, 750 
1,116 
1.804 
2.000 
1,188 


21 

12  I 

50, 

10  , 

11 

22 

23 

8 
10 
15 

7 
22 
11 
19 
24  ' 

24  ' 
34  ! 
14 

6  I 

g' 

'I 

14  1 
12 

8  I 
50  I 

4 
16  I 

22  I 
10 
')'»  I 

1i 

39 
19  . 


1907 
1904 
1908 
1901 
1907 
1908 
1907 
1908 
1903 
1908 
l'M)S 
19118 
1908 
1908 
1908 
1908 
1907 
1908 
1908 
1908 
1908 
1908 
1906 
1908 
1908 
1908 
1908 
1905 
1898 
1908 
1908 
1908 
18^>9 
1908 
1908 
1908 
1908 
1908 


29.7 
20.9 
30.2 
31.4 
26.6 
21.9 
37.4 
34.9 
26.7 
37.4 
35.5 
19.4 
22.0 
44.5 
27.5 
15.8 
25.5 
20.8 

2:i.o 

34.0 
24.5 

;«.3 

21.0 
28.8 
38. 6 
36.5 
20.3 
32. 6 
25.9 
42.4 
3»i.  6 
18.8 
17.5 
20.4 
.32. 2 

:io.9 

•Z\.  5 
3:1.1 


188 


54       DRY  FABMING  IN  RELATION  TO  BAINFALL  AND  EVAPORATIOH. 


EAN8A&-Contlii>ud. 


.»„... 

CouDtr. 

Elnr>- 

UOD. 

Number 

as 

Ratml 

Sari 

Fftl. 
2.700 

■■Si 

iS 

1,118 

i.va 

1,090 

i.va 

i;oii 

i.wt 

l!4M 
2.M4 
1.4M 

'S 
3 

if 

1,040 

S.HSO 

::i 

'■■z 

1,003 

I'.m 

1,068 

18 
30 

21 

18 

15 

» 

0 

la 
• 

4 

13 
12 
24 

n 

M 

IM 
1«B 
IM 
IM 

m 
in 

1»7 

i 

im 

IMI 
IM 

im 
\m 

1M» 
1908 

itds 
im 

IHH 

im 

itoe 

IHK 
19D8 

im 

1008 
1«B 

1908 

1908 
1900 
1008 
1908 
19M 
1107 

IS 
1 

Mk 

i 

« 

27 

YttaaCtatei 

Agrkullura]  College. 


Canyon  Ferry. . . 

Cbincnk 

Ctunitfau 

Columbia  Fallg . . 
Crow  Agency 


(ttiutii;:: 

if 

^.ffS.":'.;:- 

iHB 

L«wb  uid  Clark 

1)927 

BaaTetbewl 

S!HT 

NORMAL  PRECIPITATION   OP  THE   WESTERN   STATES. 

!able  VI. — Normal  precipitation  of  stations  in  the  western    United  States 

according  to  States — Continued. 

MONTANA-ConUnued. 


Station. 


ort  Benton. 
tetKeogh.. 
•nt  Logan. . 
yvtShaw... 

Iteagow 

fJendive 

Inat  Falls.. 

[amilton 

lavre 

[efena 

U*an 

pspell.... 

3pp 

cwistown... 
Ivingston... 
lartiiDsdale.. 

(aryavlUe 

QlcsClty... 

QBoula 

*TUld0 

Iiflipsbuig.. 

Ijina 

loplar. 

led  Lodge... 

Scnova 

pringbrook. 

iPsuto 

tPeter 

"roy 

^mbridge... 

iroDot 

ftlca, 

'hpDi&Clty. 


County. 


Chouteau 

Custer 

Meagher 

Cascade 

VaUey 

Dawson 

Cascade 

Ravalli 

Chouteau 

Lewis  and  Clark. 

do 

Flathead 

Teton 

Fergus 

Park 

Meagher 

Lewis  and  Clark. 

Custer 

Missoula 

Powell 

Granite 

Sanders 

VaUey 

Carbon 

Jefferson 

Dawson 

Chouteau 

Cascade 

Lincohi 

Madison 

Meagher 

Fergus 

Maolson 

Fergus 


Eleva- 
tion. 


Feet. 
2,630 
2,350 
6,000 
3,500 


2,069 
3,350 
3,575 
2,505 
4,110 
4,590 
2,965 
4,472 
4,010 
4,488 
4,800 
5,370 
2,371 
3,225 
4,207 
5,273 
2,473 
2,020 
5,548 
4,383 


4,150 
4,500 
1,881 
4,650 
4,800 
5.000 
5,880 
3,990 


Number 

of  years 

recorded. 


29 
22 
15 
22 

7 
19 
18 

6 
29 
29 

6 
10 

6 
11 
12 
11 
13 
17 
28 

8 

5 
10 
24 

8 
10 

7 

9 

5 
14 

4 
12 
15 
18 
11 


Record 
«id«d— 


1906 
1899 
1902 
1908 
1900 
1907 
1908 
1908 
1906 
1908 
1897 
1908 
1899 
1908 
1908 
1901 
1906 
1906 
1907 
1907 
1908 
1906 
1906 
1908 
1906 
1906 
1904 
1905 
1908 
1905 
1902 
1908 
1807 
1905 


NEBRASKA. 


«ite 

!Em."  *.'.'! 

Jttanoe 

Jina. , , . . . 

Jioka 

dosley 

lapuioe... 
tiborville.. 

iieadia 

idUand.... 

jhtoQ 

LQbom 

iXBon 

htftley.... 

iasaett 

leatrlce.... 
leaver  City 
leOevue... 
Icnkelraan. 

»Ur 

UuehUL... 
hadshaw.. 
jridgeport. 
nokenbow. 
^orchard... 

Harwell 

•Ula  way ... 
tobriMe. 
Jentraiaty 
Mombus.. 
^cighton.. 

>ete 

^Ibertson. 
Sortis 

188 


Sioux 

Holt 

Boone 

Boxbutte... 

Harlan 

Boyd 

Custer 

Furnas 

York 

Valley 

Saunders... 

Sherman 

Nemaha 

Hamilton... 
Red  willow.. 

Rock 

Gage 

Furnas 

Sarpy 

Dundy , 

Washington. 

Webster 

York 

MorrUl 

Custer 

Pawnee 

Garfield 

Custer 

Furnas 

Merrick 

Platte 

Knox 

Saline 

Hitchcock . . 
Frontier 


1,747 
3,968 
1,039 


2,307 
2,173 


2.186 
1,120 
2.061 
1,051 
1,792 
2.325 
2,323 
1,247 
2,147 
1,210 
2.968 
1,1:^2 
1,967 
1.715 
3.800 
2,477 
1,377 
2,180 
2,555 
2.258 
1,708 
1.441 
1,600 
1,368 
2,565 
2,553 


7 
12 
11 
11 
12 

3 
15 

7 
11 
10 
26 
15 
17 
13 

6 

6 
18 
18 
27 

9 
14 
14 
11 
13 
14 
14 
17 
12 

2 
11 
16 
11 
26 
21 
10 


1906 
1903 
1906 
1900 
1909 
1909 
1904 
1901 
1902 
1909 
1909 
1908 
1909 
1908 
1904 
1896 
1909 
1909 
1909 
1903 
1909 
1908 
1909 
1909 
1909 
1908 
1907 
1906 
1909 
1900 
1909 
1899 
1909 
1908 
1905 


56       DBY  FARMING  IN  RELATION  TO  RAINFALL.  AND  EVAPOBATIOK. 

Table  VI. — Normal  precipitation  of  stations  in  the  western   United  States  gfmifd 

according  to  States — Continued. 

NEBRASKA— Gontinned. 


Station. 


David  City.... 

Dawson 

Duff 

Ed^ar 

Erlcson 

Ewing 

Fairbury 

Fairmont 

Franklin 

Fremont 

Fort  Robinson . 

Fullerton 

Geneva 

Genoa 

Gering 

Gosper 

Gothenburg... 
Grand  Island.. 

Greeley 

Guiderock 

Haigler 

Halsey 

Hartlngton 

Harvard 


Hastings 

Hayes  Center 

Hav  Springs 

Hebron 

Holbrook 

Holdrege 

Hooper 

Imperial 

Kearney 

Kennedy 

Kimball. 

.Klrkwood 

Lexington 

Lincoln 

Lodgepole 

Loup 

Lynch 

McCook 

McCool  Junction . 

Madison 

Madrid 

Marquette 

Mason  City 

Mlnden 

Monroe 

Nebraska  City . . . 

Nesbit 

Norfolk 

North  Loup 

North  Platte 

Oakdale 

Odell 

Omaha 

Ord 


County. 


O'Nell 

Ough 

Palmer 

Palmyra 

Pawnee  City . 
Plattsmouth. 
Pljmiouth . . . 

Purdum 

Ravenna 

Redcloud 

Republican . . 

Rulo 

St.  Llbory... 

St.  Paul 

Santee 

Schuyler 


Butler 

Richardson. 

Rock 

Clay 

Wheeler... 

Holt 

Jefferson... 
Fillmore... 
Franklin... 

Dodge 

Dawes 

Nance 

Filhnore... 

Nance 

Scottsbluff. 

Gosper 

Dawson 

Hall 

Greeley 

Webster... 

Dundy 

Thomas 

Cedar 

Clay 

Adams 

Hayes 

Sheridan... 

Thayer 

Furnas 

Phelps 

Dodge 

Chase 

Buffalo 

Cheiry 

Kimball... 

Rock 

Dawson 

Lancaster.. 
Cheyenne.. 
Sherman... 

Boyd 

Red  willow. 

York 

Madison... 

Perkins 

Hamilton.. 

Custer 

Kearney... 

Platte 

Otoe 

McPherson. 

Madison 

Valley 

Lincoln 

Antelope... 

Gage 

Douglas 

VaUey 

Holt 

Dundy 

Merrick 

Otoe 

Pawnee 

Cass 

Jefferson . . . 

Blaine 

Buffalo 

Webster... 

Harlan 

Richardson . 

Howard 

do 

Knox 

Coli^ 


Elevar     ^^fSilS^     Rreord     J*SS 


Feet. 
1,607 
945 


1,722 
2.029 
1.888 
1.316 
1.641 
1,817 
1,203 
3.764 
1,629 
1.633 
1.584 
3,902 


2.557 
1.861 
2.021 
1,546 
3.256 
2.695 
1.309 
1,799 
1.932 


3.821 
1.458 


2.324 
1.228 
3,278 
2.147 


4,607 


2.385 
1.189 
3.820 
2,067 


1,796 
1,142 
1,175 
968 
1,419 


2,028 
1.687 
1.939 
842 
1.887 
1,813 


1,357 


20 

190» 

16 

1909 

10 

1908 

15 

1909 

14 

1904 

17 

1909 

34 

1909 

16 

1909 

18 

1909 

29 

1909 

25 

1909 

7 

1909 

19 

1909 

34 

1900 

18 

1906 

7 

1909 

15 

1909 

18 

1909 

14 

1909 

9 

1909 

11- 

1902 

7 

1909 

18 

1909 

20 

1909 

19 

1909 

16 

1909 

22 

1909 

24 

1909 

5 

1906 

17 

1909 

12 

1909 

19 

1909 

19 

1909 

16 

1906 

20 

1909 

14 

1909 

20 

1909 

30 

1900 

8 

1903 

15 

1909 

14 

1908 

13 

1907 

12 

1909 

15 

1906 

9 

1901 

30 

1909 

9 

1909 

32 

1909 

12 

1909 

31 

1908 

? 

1901 

26 

1909 

21 

1909 

35 

1909 

22 

1909 

15 

1909 

39 

1909 

15 

1909 

11 

1901 

6 

1896 

18 

1904 

14 

1908 

14 

1909 

31 

1904 

5 

1909 

9 

1909 

32 

1909 

17 

1909 

6 

1900 

5 

1900 

15 

1909 

15 

1909 

21 

1909 

16 

1909 

hda. 

ai 

MJ 

an 

A4 
S.4 
&i 
Al 

HI 
as 
af 

a.1 

&.9 
8.1 

&• 
ai 

A4 

ail 

S.I 

&I 

ani 

&S 
2S.I 
S.I 

SLf 

&• 
]kt 
&t 
9.9 

27.i 
111 

ai 
fti 
at 
a» 

27.t 
11« 
ff.f 
9.S 

a4 

3l.i 
17.1 

at 

ar 
ai 
ai 
at 

ar 

HI 

m 
a7 
ai 

ai 
ai 
ji.* 

Jl-3 

a7 
ae 

a: 
as 
as 

25.0 
SS.S 


188 


NORMAL  PRECIPITATION   OF  THE  WESTERN   STATES. 


57 


BLS  VI.— 


Normal  precipitation  of  8tations  in  the  western    United  States  grouped 
according  to  States — Continued. 


N  EB  R  ASK  A— Continued . 


Station. 


ittsbluff. 


rard 

Iney 

rlDgview 

nton 

tttton 

perior 

ncuse 

kamah , 

blerock 

nunseh 

iflington 

dmaity  Farm, 
lenttne 

ikefleld.' !!'.!!'. 
umeta 

3»lnewater 
point 

hitman 

Dber 

BaoDTiUe 

Innebago , 


County. 


ymore. 


iric York 


Scottsbluff 
Thomas... 
Seward... 
Cheyenne. 
Keyapaha. 
Stanton... 
Hitchcock. 
Nuckolls.. 

Otoe 

Burt 

Pawnee... 
Johnson... 

Otoe 

Lancaster. 

Cherry 

Saunders 

Dixon 

Chase 

Cass 

Cuming 

Qrant 

Saline 

Furnas 

Thurston 

Cuming 

Gage 


Eleva- 
tion. 


1,472 
2,804 
1,570 
1,050 
l.WX) 
1,023 
1,114 
1,224 


2,859 
1.187 
1,387 


Number 

of  years 

recorded. 


3 
7 

19 
ol7 

16 

;8 

12 
24 
32 
19 
21 
31 
17 
24 
21 

7 

15 
11 
32 
23 
11 
15 

7 

5 
14 

6 
20 


Record 
ended— 


1909 
1900 
1909 
1909 
1909 
1909 
1907 
1908 
1909 
1909 
1909 
1909 
1909 
1909 
1909 
1909 
1909 
1909 
1909 
1909 
1901 
1909 
1901 
1905 
1909 
1903 
1909 


Normal 
precipi- 
tation. 


Inehe*. 
10.5 
14.8 
31.2 
15.0 
21.4 
27.5 
19.7 
27.2 
30.8 
32.3 
31.5 
32.1 
30.4 
28.9 
22.5 
35.3 
28.9 
21.5 
30.5 
29.6 
13.3 
32.8 
21.6 
30.0 
32.5 
30.1 
29.1 


NEVADA. 


Drtln. Lander 

mie  Mountain do 

EtaDont Nye 

WWBwe Eureka 

unp  Halleck '  Elko 

Bab  McDermit I  Humboldt. 

ndtUria '  Esmeralda. 


uUn. 

■son  City... 

riarPaas 

itDes  Ranch 
Iko. 


Elko.... 
Ormsby. 
Elko.... 
....do... 
do. 


ly...: I  White  Pine 


fcnley. 

«koQda 

latteck 

Ittthome 

hx  Springs... 

lomboldt 

(on  Point 

<*er8  Ranch  , 

«vek)ck 

jvtins  Ranch 

uncity: 


>£d« 


,     ^e 

jhnetto.... 

loche 

*«tti 

Uaa 

iccoma 

[onopah'.'.'.*.!; 
'ouio. 

gnu 

Jidsworth... 
J«8 


Lyon , 

Humboldt. 

Elko 

Esmeralda . 
Churchill... 
Humboldt. 

do 

Washoe 

Humboldt. 

Douglas 

Ilumtoldt. 

Elko 

Eureka 

Esmeralda. 

Lincoln 

Nye. 

Washoe. 

Elko. 

Nve 

Elko 

Nve 

\Vashoe . . . 
Washoe... 

Elko 

Humlx)ldt. 


11.0 
7.1 

10.6 
6.4 

15.0 

13.2 
5.0 
6.5 

12.3 

12.5 

10.0 
6.9 

12 
5 
6 
9.4 
4.4 
3.5 
5.5 
7.4 

26.1 
2.4 

12.0 
5 
8. 
8. 

14. 

11, 
7.5 

10.4 
6.5 

10.2 
8.3 
9.5 

15.8 
4.3 
9.1 
8.4 


.2 
0 
0 
6 
2 
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•  Except  the  months  of  January  and  February. 
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Table  YI. — Normal  precipitation  of  stations  in  the  western   United  Stata  siroKfd 

according  to  States — Continued. 

NEW  MEXICO. 


station. 


Ckxinty. 


Afiicaltaral  College. 

Abmogordo 

Albert 

Albuquerque 

Alma. 

Aztec 

Bell  Ranch 

Bernalillo 

Bloomfleld 

Bluewater 

Cam  bray. 


Camp  Burgwin 

Carlsbad 

Cbama 

Cliff 

Cloudcroft 

Deming 

Dorsey 

Eagle  Rock  Ranch. 

East  Las  Vegas 

Eddy T7:.... 

Elk 

Engle 

EspHUiola 

Folsom 

Fort  Bayard 

Fort  Craig 

Fort  Fillmore 

FortSelden 

Fort  Stanton 

Fort  Thorn 

Fort  Union 

Fort  Wingate 

Fruitland 

GaUsteoV.V.".'.!*.!!!". 
Oalllnas  Springs.. 

Gila 

Hillsboro 

LasCruces 

Las  Vegas 

Lava 

Lordsburg 

Los  Lunas 

Lower  Penasco. . . . 

Lyons  Ranch 

Mesiila  Park 

Mountainair 

Puerto  de  Luna 

Raton 

Rincon 

Roswell 

San  Marcial 

San  Rafael 

Santa  Fe 

Shattucks 

Socorro 

Springer 

Straiiss 

Taos 

White  Oaks 

Winsors 


Dona  Ana... 

Otero 

Union 

Bernalillo... 

Socorro 

San  Juan 

San  Miguel.. 

Sandoval 

San  Juan.... 

Valencia 

Luna 

Taoe 

Eddy 

Rio  Arriba. . 

Grant 

Otero 

Luna 

Colfax 

Union 

SanMigueL. 

Eddy 

Chaves 

Sierra 

Rio  Arriba.. 

Union 

Grant 

Socorro 

Dona  Ana... 

do 

Lincoln 

Dona  Ana... 

Mora 

McKinley... 

San  Juan 

Luna 

Santa  Fe.... 
San  Miguel.. 

Grant 

Sierra 

Dona  Ana... 
San  Miguel.. 

Sooorro 

Grant 

Valencia.... 

Chaves 

Grant , 

Dona  Ana... 

Torrance 

Guadalupe.. 

Colfax 

Dona  Ana... 

Chaves 

Sooorro 

Valencia.... 
Santa  Fe. . . . 

Eddy 

Socorro 

Colfax 

Dona  Ana. . 

Taos 

Lincoln 

San  Miguel. 


Eleva- 
tion. 


Feet. 
3»863 
4,338 
4,700 
5,200 
5,S0O 
5,S90 
4,fiO0 
5,2C0 
5.500 
6,200 
4,215 
7,000 
3,120 
7,»4S 
4,470 
8,650 
4,333 
6,000 
6,000 
6,450 
3,122 


4,750 
5.500 
6,000 
6,152 
4,610 
3,937 
3,937 
6,231 
4,500 
6,835 
6,997 
4.800 
4,486 
6,074 
5,272 
4.040 
5,224 
3,500 
6,384 
4.703 
4,245 
4,900 
5,250 
4.040 
3,868 
6.547 
5,350 
6,622 
4,031 
3,578 
4,554 
6,500 
7,013 
6,000 
4,000 
5,857 
4,060 
6,983 
6,470 
8,200 


Number 

of  yean 

recorded. 


Record      -  -  -.- « 
ended-    I*^ 


22 

8 
19 
33 
11 

6 
10 

5 
12 

7 

9 

6 
14 
12 
11 

7 
26 

6 
10 
14 

5 
11 

7 
12 

5 
34 
24 
10 
16 
30 

6 
49 
46 
15 
10  : 

8 
18 

5 
14 

9 
22 

6 
27 
18 

5 

6 
21 

7 

6 
10 
11 
14 

3 
12 
36 

3 
17 
17 

8 
14 

4 
13 


1908     I 

1908 

1908     I 

1905     . 

1900 

1908 

1889 

1908 

1902     I 

1908     • 

1860     I 

1908 

1908 

1908 

1908 

1908 

1908 

1607 

1901 

1808 

1908 

1901 

1908 

19Q2     I 

1908     I 

1884     j 

1861 

1890 

1906 

18SB 

1908 

1908 

1906 

1908 

1901 

1902 

1899 

1908 

1897 

1908 

1890 

1908 

1908 

1900 

1900 

1907 

1906 

1898 

1904 

1908 

1908 

1899 

1908 

1906 

1890 

1906 

1906 

1907 

1906 

1900 

1906 


11 
B.9 
K.3 

II 
Rl 

li 

&2 
li 
ti 

14 
11 

KC 
S.1 
HI 
&1 
II 
U.4 
US 

n.4 
us 

a( 

UL4 

%i 

US 

u« 

HI 

II 

li 

rj 
lis 

n.4 

HS 

il 

15 

111 

Ul 

lit 

111 

It 

Kl 

tai 

IS 

KLS 
17.1 
Hi 

II 
HI 
ITJ 
Ul 

T.I 
lil 

II 

ai 

m 
lai 

HI 

ifti 
lil 

17.3 


NORTH  DAKOTA. 


Amenia 

Ashley 

Berlin 

Berthold  Agency 

Bismarck 

Bottineau 

Buxton 

Cando 

188 


Cass 

Mcintosh. 
Lamoure. 
McLean.. 
Burleigh . 
Bottineau 

TraiU 

Towner.. 


954 

12 

1908 

2,007 

13 

1906 

1,470 

14 

1905 

2,062 

13 

1906 

1,674 

34 

1908 

1,638 

14 

1908 

930 

6 

1908 

1,488 

7 

1907 

fl.1 

11! 
2Dl< 
11< 
Hi 
Ul 
HI 
HI 
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Pabi^e  VI. — Normal  precipitation  of  stations  in  the  western   United  States  grouped 

according  to  States — Continued. 


NORTH  DAKOTA— Continued. 


Station. 


3htiTchs  Ferry.. 

>»!  Harbor 

Devils  Lake 

Dickinson 

[>oniiy  brook. ... 

Diinseith 

Bdgeley 

Bllendale 

Pargo 

Porman 

Fort  Yates 

FaDerton 

Gallatin 

Qlenullin 

Grafton 

Hamilton 

Jamestown 

Larimore 

ICcKioney 

MayvlUe 

H  edora 

MelvUle 

MUton 

Minot 

Ifinto 

Ifinnewaukon.. 
Hoorhead,  Minn 

Napoleon 

New  England.. 

Oakdale 

Pembina 

Portal 

Power 

Steele 

University 

Wahpeton. 

Willlston 

Willow  City.... 
Woodbrldge.... 


County. 


Ramsey 

McLean 

Ramsey 

Stark 

Ward 

Rolette 

Lamoure 

Dickey 

Cass 

Sargent 

Morton 

Dickey 

Griggs 

Morton 

Walsli 

Pembina 

Stutsman.... 
Grand  Forks. 

Ward 

Traill 

BUlings 

Foster 

Cavalier 

Ward 

Walsh 

Benson 

Clay 

Logan 

Hettinger.... 

Dunn 

Pembina 

Ward 

Richland 

Kidder 

Grand  Forks. 
Richland.... 

Williams 

Bottineau 

Cavalier 


Eleva- 
tion. 


Feet. 
1.458 
1,901 
1,482 
2,543 
1,760 


1,468 
1,449 
903 
1,249 
1,670 
1,439 


2,070 

827 

824 

1,390 

1,134 

1,640 

975 

2,225 

1,590 

1,586 

1,557 

820 

1,459 

940 

1,955 

2,400 


789 
1,954 
1,020 
1,867 
830 
962 
1,875 
1,471 


Number 

of  years 

recorded. 


10 
13 

4 
17 

9 
12 

8 
12 
15 
12 
26 
11 

9 
10 
16 

9 
22 
11 
15 
13 
13 
12 
10 
11 
16 

7 

29 
18 
13 
12 
11 
13 
17 
13 
17 
13 
29 
15 
10 


Record 
ended— 


1904 
1908 
1906 
1908 
1907 
1908 
1906 
1904 
1906 
1905 
1907 
1906 
1902 
1906 
1906 
1905 
1906 
1905 
1908 
1906 
1908 
1908 
1902 
1908 
1908 
1904 
1906 
1908 
1908 
1906 
1908 
1906 
1908 
1907 
1908 
1904 
1908 
1907 
1902 


Normal 
precipi- 
tation. 


Inches. 
23.0 
16.9 
20.2 
15.0 
12.3 
14.9 
19.5 
16.3 
19.4 
19.4 
16.3 
22.1 
17.7 
18.3 
16.8 
22.0 
20.0 
17.2 
15.4 
21.1 
13.2 
16.0 
16.8 
16.5 
18.8 
17.6 
24.9 
19.1 
1Z7 
16.1 
19.8 
14.2 
2a6 
15.7 
20.5 
27.3 
15.1 
14.5 
22.7 


OKLAHOMA. 


Atapaho. 

Anunore 

Beaver 

Blackburn 

Bomett 

Chandler 

Chictcuha 

CkmdClilef 

Daooma 

Dnrant 

Enid 

Fairland 

Fort  Reno. 

Fort  Sill. 

Foit  Smith  (Ark.). 

Gage 

Guthrie 

Harrington 

Hartshome 

Healdton 

Hennessey 

Hobart... 

HoldenviUe 

Hopeton 

JcOieTson 

JenUns 

Kenton 

Ktogflsher 

lSK 

McAfeter 

MoComb 


Custer 

Carter 

Beaver 

Pawnee 

Pottawatomie. 

Lincoln 

Grady 

Washita 

Woods 

Bryan 

Garfield 

Ottawa 

Canadian 

Comanche.... 

Sebastian 

Ellis 

Logan 

Roger  Mills... 

Pittsburg 

Carter 

Kingfisher 

Kiowa 

Hughes 

Woods 

Grant 

Woods 

Cimarron 

Kingfisher 

Coal 


Pittsburg 

Pottawatomie. 


1,575 

872 
2,500 

800 
1,200 

865 
1,091 
1,400 
1,337 

643 
1,269 

839 
1,400 
1,200 

457 
2,136 
1,000 


700 

900 

1,166 

1,396 

900 


1,062 
1,337 
4,000 
1,046 
593 
698 
1,200^ 


15 
4 
9 
8 
11 
7 
9 
7 
11 
7 

10 

0 

21 

37 

28 

6 

16 

5 

10 

18 

12 

6 

8 

2 

15 

8 

8 

11 

8 

13 

17 


1906 
1908 
1908 
1908 
1902 
1908 
1908 
1906 
1906 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1899 
1908 
1905 
1906 
1908 
1900 
1908 
1906 


29.0 
36.9 
19.7 
46.5 
33.0 
38.5 
31.9 
32.0 
28.7 
43.3 
32.5 
42.2 
30.4 
30.0 
44.7 
28.2 
33.2 
30.7 
44.3 
37.1 


31. 

31. 

43 

29 

30 

27.0 

15.5 

35.8 

34.9 

46.0 

34.0 


Ids 
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Table  VI. — Normal  precipitation  of  stations  in  the  western    United  States  gnmfd 

according  to  Statu — Continued. 

OKLAHOMA--Goiitiniied. 


Station. 


County. 


Hangmn... ^ 

Marlow 

Meeker 

Muskogee 

Newklrk 

Norman 

Oklahoma 

Okmulgee 

Pawhuska 

Perry 

Prudence 

Ravia 

Sac  and  Fox  Agency . 

Shawnee 

South  Mc  A  tester 

Stillwater 

Temple 

Tulsa  (1) 

Tahlequah 

Taloga 

Vinita 

Vittum 

Wagoner 

Waukomis 

Weatherford 

Webbers  Falls 

Whiteagle 

Winnvlew 

Woodward 


Qreer 

Stephens 

Lincoln 

Muskogee 

Kay 

Cleveland 

Oklahoma 

Okmulgee 

Osage 

NoWe..: 

Major 

Johnston 

Lincoln 

Pottawatomie. . 
Choctaw  Nation. 

Payne 

Comanche 

Tulsa 

Cherokee 

Dewey 

Craig 

Logan 

Wagons 

Garteld 

Custer 

Muskogee 

Kay 

Blaine 

Woodward 


Eleva- 
tion. 


Feet. 

1,585 

1,202 

1,090 

614 

1,149 

1,180 

1,247 

752 

918 

920 


796 
900 
1,041 
698 
880 
925 
700 
790 


696 
940 
588 
1,258 
1,639 
479 
945 


2,300 


Number 

of  years 

reoorded. 


17 

8 

15 

10 

11 

14 

18 

7 

10 

9 

6 

6 

16 

T 
I 

13 

16 

6 

20 

9 

4 

6 

8 

12 

12 

8 

11 

6 

7 

6 


Reoord 


pnciii- 


1908 
1908 
1908 
1906 
1908 
1908 
1908 
1908 
1908 
1908 
1900 
1906 
1908 
1908 
1906 
1906 
1908 
1908 
1902 
1903 
1908 
1900 
1908 
1906 
1908 
1908 
1908 
1899 
1901 


OREGON. 


Albany 

Alpha 

Arlington 

Ashland 

Astoria 

Aurora 

Baker  City 

Bandon 

Bay  City 

Bend 

Beulah 

Blalotk 

Brownsville 

Buckhorn  Farm 

Bull  Run 

Burns 

Cascade  Jyocks 

Comslock 

CoqiilUe  River  Light-House 

Corvallis 

Day  ville 

Dor  aville 

Drain 

Ella 

Eugene 

Fairview 

Falls  City 

Forest  Grove 

Gardiner 

Glenora 

Gold  Beach 

Government  Camp 

Grant.s  Pa&s 

Happy  Valley 

Hare." .* 

Headworks 

Heppner 

Hooa  River 

Huntington 

Irvington 

Jacksonville 

18S 


Linn 

Lane 

GiUiam 

Jackson 

Clatsop 

Marion 

Baker 

Coos 

Tillamook... 

Crook 

Malheur 

GiUiam 

Linn 

Josephine... 
Clackamas.. 

Harney 

Hood  River. 

Douglas 

Coos 

Benton 

Grant 

Columbia... 

Douglas 

Morrow 

Lane 

Coos 

Polk 

Washington. 

Douglas 

Tillamook... 

Curry 

Clackamas.. 
Josephine... 

Harney 

Curry 

ClacKamas. . 

Morrow 

Hood  River. 

Baker 

Multnom^ . 
Jackson 


3,269 
237 
346 

1,300 
719 

4,157 

100 

473 

13 

319 

1,500 
600 
300 


449 
142 
355 
220 
72 
575 
40 

3,560 
966 

4.200 

1,342 
719 

1,950 
243 

2,110 
75 

1,640 


32 

190S 

7 

1906 

14 

1904 

21 

1908 

49 

1908 

10 

1901 

20 

1906 

27 

1899 

14 

1908 

6 

1907 

14 

1905 

10 

1908 

11 

1902 

10 

1908 

10 

1907 

19 

1908 

30 

1908 

11 

1902 

10 

1907 

20 

1908 

14 

1908 

7 

1908 

6 

1906 

11 

1909 

18 

1908 

11 

1908 

11 

1907 

17 

1906 

20 

1906 

17 

1908 

6 

1908 

11 

1906 

20 

1908 

10 

1899 

10 

1901 

10 

1908 

20 

1908 

24 

1907 

7 

1907 

12 

1899 

20 

1908 
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^ABiiB  VI. — Normal  precipitation  of  stations  in  the  western    United  States  grouped 

according  to  States — Continued. 


OREGON— Continued. 


Station. 


xeph 

mctionCltv 

[lamath  Falls... 

alftvette 

a  Onuide. 

akeview 

aoglois 

ooe  Rock 

IcKenzie  Bridge 

[cMinnville 

lanhfield 

loriln 

itaamonte  Farm 

bomouth 

lonroe 

fount  Angel 

ohaiem 

ewberg 

ew  Bridge 

ewport 

eoaleton 

lacer 

ompeii 

ortland 

rineviUe 

Wdle 

Iverslde 

OBeburg. 

il«m 

Iierid&n 

ilvCT  Lake 

ilverton 

isklyou 

psrta 

pringfield 

(afford 

he  Dalles 

oledo 

matilla 

ak 

emonia 

'allowa 

Tamuipring!) 

Test  Fork 

Teston 

rilliams 


County. 


Wallowa.... 

Lane 

Klamath 

YamhiU.... 

Union 

Lake , 

Curry 

Gilliam 

Lane 

Yamhill... 

Coos , 

Josephine... 
Clackamaa.. 

Polk 

Benton 

Marion 

Tillamook... 
YamhilL... 

Baker , 

Lincoln 

Umatilla 

Josephine.., 
Clack^nas., 
Multnomah . 

Crook , 

Douglas 

Malheur 

Douglas 

Marion 

Yamhill... 

Lake 

Marion 

Jackson 

Baker 

Lane 

ClJickamas.. 

Wasco 

Lincoln 

ITmatilla. . . 

Malheur 

Cohimbla. . , 

Wallowa 

Crook 

Douglas 

Umatilla... 
Josephine.. 


Eleva- 
tion. 


Number 

of  years 

recorded. 


Feet. 

4,400 
353 

4,250 
182 

2,784 

4.825 
250 

3.114 

1,400 
180 
12 
034 
196 
221 
350 
485 
10 
193 

1,900 
60 

1,272 


3,580 

67 

3.000 

733 


523 

120 

207 

4.700 

255 

4.135 

4.150 

476 


112 
50 

340 
2,450 
1.238 
2.935 
1.600 
1,046 
1,800 
1.368 


19 
11 
14 
11 
21 
23 

9 
18 

8 
21 

6 
10 
17 
11 
11 
23 
13 

9 

9 
19 
19 

4 
13 
37 
11 
11 

5 

32 
17 
11 
12 
11 
11 
15 

9 
13 
34 
19 
22 
17 
11 

7 

6 
11 
19 
15 


Record 
ended — 


1906 
1902 
1908 
1902 
1908 
1907 
1899 
1905 
1906 
1908 
1907 
1901 
1908 
1902 
1908 
1906 
1907 
1902 
1900 
1908 
1908 
1901 
1908 
1908 
1907 
1902 
1901 
1906 
1906 
1902 
1907 
1902 
1902 
1906 
1900 
1908 
1908 
1908 
1908 
1908 
1899 
1909 
1907 
1901 
1908 
190() 


Normal 
precipi- 
tation. 


Inches. 
18.2 
33.6 
14.0 
42.9 
19.5 
16.0 
101.8 
14.6 
72.2 
47.8 
66.7 
34.9 
43.5 
39.6 
30.9 
46.0 
111.9 
47.9 

9.6 
56.3 
14.2 
39.2 
85.4 
46.0 

8.8 
29.8 

8.7 
34.0 
40.5 
43.0 
10.4 
45.2 
29.2 
23.0 
39.1 
32.4 
14.2 
70.4 

8.6 
10.2 
62.1 
17.2 
11.5 
41.2 
24.5 
33.5 


SOUTH  DAKOTA. 


berdeen 

cademy 

lexandrta 

nnour 

ShCFOft 

owdle 

rookings 

inton 

snterrille 

Immberlain 

tendler  (  A  cademy ) 

lierry  Creek .'. . 

iirk 

eSmet 

Ua  Point 

irroingdale 

tulkton 

landreau 

omtbiirg 

orestCltv 

art  Meade 

aanvallev 

ary '. 

mid  River  School . 
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Brown 

Charles  Mix. 

Hanson 

Douglas 

Harding 

Edmunds... 
Brookings... 

Lincoln 

Turner 

Brule 

Charles  Mix. 
Armstrong.. 

Clark 

Kingsbury . . 

Union 

Pennington . 

Faulk 

Moody 

Sanborn 

Potter 

Meade 

Buffalo 

Deuel 

Corson 


1..300 


J, 352 
1,521 
3,192 
1,995 
1,6:«) 
1,24.S 
1.229 
1.363 


1.779 
1.726 
1.127 
3.000 
1..595 
1.5(i5 
1.231 


3.624 
i.484 


19 

1908 

10 

1906 

22 

1908 

14 

1908 

17 

1908 

14 

1908 

20 

1908 

12 

1906 

12 

1908 

12 

1908 

1 

1899 

13 

1907 

17 

1908 

16 

1907 

8 

1906 

11 

1905 

14 

1908 

19 

190H 

16 

1907 

6 

1899 

28 

1907 

8 

1905 

9 

1900 

2 

1901 

26.9 
22.5 
24.6 
24.6 
14.0 
19.3 

2ao 

26.3 
27.1 
17.9 
19.8 
14.0 
22.6 
21.7 
29.0 
1.3.9 
19.5 
24.5 
21.2 
15.7 
19.8 
20.7 
22.6 
14.5 
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Table  VI. — Normal  precipitation  of  stations  in  the  western   United  States  ^nmjMJ 

according  to  Stales — Continued. 

SOUTH  DAKOTA-Oontlnued. 


Station. 


Greenwood 

Harney 

Hartman 

Hlghmore 

HotchClty 

Hot  Springs 

Howard 

Howell 

Huron 

Ipswich 

mddcr 

Kimball 

La  Delie 

Leola 

Marion 

Melette 

Menno 

Milbank 

Mitchell 

Mound  City 

Nowlin 

Oelrichs 

Parker 

Pierre 

Pine  Ridge 

Plankington 

Ramsey 

Rapid  City 

Redfleld 

Rosebud 

St.  Lawrence 

Silver  City 

Sioux  Falls 

Sisseton  Agency 

Spearfish 

Stephan 

Tyndall 

Vermillion 

Watertown 

Waubay 

Wentworth 

Wessington  Springs 

White  Swan 

Wolsey 

Yankton 


County. 


Charles  Mix. 
Pennington . 
Minnehaha.. 

Hyde 

Lyman 

Fall  River.. 

Miner 

Hand 

Beadle 

Edmunds... 

Marshall 

Brule 

Spink 

McPherson.. 

Turner 

Spink 

Hutchinson. 

Grant 

Davison 

Campbell... 

Stanley 

Fall  River.. 

Turner 

Hughes 

Shuinon 

Aurora 

McCook 

Pennington . 

Spink 

Meyer 

Hand 

Pennington . 
Minnehaha.. 

Roberts 

Lawrence... 

Hyde 

Bonhomme . 

Clay 

Codington... 

Day 

Lake 

Jerauld 

Charles  Mix. 

Beadle 

Yankton 


Eleva- 
tion. 


Fed. 


5,000 
1,474 
1,890 


3,447 
1,564 


1,306 
1,530 
1,295 
1,788 
1,400 
1,587 
1,447 
1,300 
1,325 
1,148 
1,312 


3,339 
1.348 
1,572 


1,528 
1,474 
3,251 
1,295 
2,600 
1.580 
5,000 
1,400 


3,647 
1,840 
1,418 
1,420 
1,735 
1,813 


1,335 


1,353 
1,234 


Number 

of  years 

iBOorddd. 


17 

1 
15 

8 
21 
11 
15 

4 

9 
18 

5 
19 

5 
14 

8 
15 

3 
16 

8 

5 
15 
35 


15 
9 

4 
16 
13 

4 
17 

7 
27 
11 

5 
23 
12 

6 

8 
14 
12 
18 
15 

1 

4 
18 

9! 


1908 
18BB 
1901 
1908 
1906 
1900 
1908 
1908 
1906 
1907 
1908 
1906 
1906 
1906 
1908 
190B 
1908 
1906 
1906 
1901 
1896 
1906 
1900 
1906 
1901 
1906 
19G5 
1906 
1906 
1906 
1901 
1903 
1906 
1904 
1906 
1906 
1906 
1906 
1908 
1901 
1906 
1899 
1896 
1907 
1906 


TEXAS. 


Abilene 

Albany 

Alvln 

Amarillo 

Arthur  City... 

Austin 

Bal  linger 

Beaumont 

Beeville 

BiK  Springs 

Blanco 

Boenie 

Bonham 

Booth 

Bowie 

Brazoria 

Brenham 

Brighton 

Brownsville... 
Brown  wood... 

Burnet 

Childress 

Coleman 

CoUeRe  Station, 
'^olorado 


Taylor 

Shackelford , 
Brazoria... 

Potter 

Lamar 

Travis 

Runnels 

Jefferson 

Bee 

Howard 

Blanco 

Kendall 

Fannin 

Fort  Bend.. 
Montague.. 

Brazoria 

Washington 

Nueces 

Cameron 

Brown 

Bnmet , 

Childress... 

Coleman 

Brazos 

Mitchell.... 


1,738 

1,429 

49 

3,676 

500 

650 

1,637 

29 

225 

2,396 

1,350 

1,412 

K£SA 
UOD 

81 
1,113 

25 
350 

12 

38 
1,342 
1.295 
1,869 
1,710 
360 
2,066 


24 
15 
8 
17 
15 
23 
14 
12 
13 
« 
12 
16 
6 
8 
9 
18 
20 
13 
20 
12 
15 
15 
15 
19 
18 


1908 
1908 
1905 
1908 
1905 
1908 
1908 
1908 
1908 
1906 
1907 
1907 
1906 
1908 
1906 
1908 
1906 
1908 
1908 
1903 
1904 
1907 
1906 
1907 
1906 
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3Z.E     VI. — 


Normal  precipitation  of  stations  in  the  western    United  States  grouped 
according  to  States — Continued. 


TE  X  AS— Continued . 


Station. 


imbla 

pus  Christi 

licana 

TO 

IftS 

nevang 

Bio 

Jvllle 

blln 

▼al 

r. 

teUe 

restburg 

rt  Brown 

rt  Clark 

rt  Davis 

rt  Mcln  tosh 

rt  Rlnsgold 

rt  Stockton 

rt  Worth 

edericksburg 

itDiesvUle 

klTeston 

apevlne 

Mxi^town..: 

rccnville 

lie  Center 

^etsviUe 

Bskell 

came 

enrictta 

ewltt , 

ondo  City 

kniston 

inntsviile 

jtufman 

jent 

:errviUe 

[opperl 

ampasas 

AFara 

llano 

'OngTiew 

Allng 

feKhmey 

fenanlvme 

fount  Blanco 

AacoKdoches 

Hew  Braanfels 

^lestlne 

HuUt 

gMte 

rWt  Lavaca 

Rhineland 

Rock  Island 

Bonge 

San  Antonio  (1) 

8ao  Marcos 

fittSaba 

|Mta  Oertrades 

^jOman 

Bmora 

Jipriand 

wlpliur  Springs 

Tiylor.. 

joBpied);:;::;:::::::. :.:;:. ::;;:: 

Ttxarkana 

Tulla. '..'...'.'.'.'.'. 

Jaco 

iMahacWe 

Jatherford 

^WUla  Falls 


County. 


Brasoria... 

Nueces 

Navarro.... 

Dewitt 

Dallas 

Wharton. . . 
Valverde... 
Cherokee. . . 

Erath 

Travis 

Maverick... 
El  Paso.... 

Dallas 

Montague.. 
Cameron . . . 

Kinney 

Jeff  Davis. . 

Webb 

Starr 

Pecos 

Tarrant 

Gillespie. . . 

Cooke 

Galveston. . 

Tarrant 

Williamson. 

Hunt 

Hale 

Lavaca 

Haskell 

Robertson.. 

Clay 

McLennan . 

Medina 

Harris 

Walker.... 
Kaufman.. 
El  Paso.... 

Kerr 

Bosque 

Lampasas. . 
Live  Oak.. 

Llano 

Gregg 

Caldwell... 


ColUn 

Menard 

Crosby 

Nacogdoches. 

Comal 

Anderson 

Hood 

Lamar 

Calhoun 

Knox 

Colorado 

Karnes 

Bexar 

Hays 

San  Saba 

Nueces 

Grayson 

Sutton 

Fort  Bend... 

Hopkins 

Williamson.. 

Bell 

Bowie 

Swisher 

Smith 

Victoria 

McLennan... 

Fills 

Parser 

Wichita 


Eleva- 
tion. 


20 
405 
177 
466 
145 
952 
575 

1,466 
820 
800 

3,762 
614 


57 

1,050 

5,000 

460 

230 

3,050 

670 

1,742 

738 

60 

670 

760 

550 

3,000 

235 

1,553 

305 

915 

664 

901 

53 

400 

448 


1,650 

576 

1,026 


1,040 
336 
418 
612 

1,900 

2,760 
271 
720 
510 

1,000 

502 

20 


254 

308 
701 

588 
1,712 


728 

2,200 

79 

530 

583 

630 

295 

3,501 

531 

187 

424 

556 

864 

958 


Number 

of  years 

recorded. 


20 
22 
23 
20 
10 
13 

3 

7 
14 
20 
20 
30 
11 

6 
16 
22 
10 
22 
20 
26 
13 
20 
20 
38 
19 
14 

9 
12 
18 
14 
17 
11 
15 
13 
20 
21 

7 
12 
14 
18 
18 


17 
20 
20 

6 
16 
23 
10 
18 
27 
17 
20 

8 
11 

8 
14 
24 
16 

5 

7 
15 

6 
11 
16 

8 
15 
10 
11 
17 
17 
20 
13 
20 
14 


Record 
ended— 


1906 
1908 
1906 
1906 
1906 
1906 
1908 
1904 
1906 
1908 
1908 
1906 
1904 
1903 
1905 
1906 
1905 
1907 
1905 
1906 
1906 
1908 
1906 
1906 
1908 
1908 
1908 
1905 
1906 
1905 
1905 
1905 
1906 
1906 
1906 
1906 
1906 
1903 
1906 
1908 
1906 
1903 
1907 
1906 
1906 
1904 
1904 
1908 
1908 
1906 
1908 
1905 
1908 
1906 
1906 
1906 
1906 
1908 
1906 
1908 
1908 
1907 
1908 
1908 
1907 
1908 
1906 
1905 
1908 
1905 
1908 
1908 
1908 
1908 
1904 


Normal 
precipi- 
tation. 


/ndkea. 
43.8 
27.2 
37.9 
34.1 
35.5 
45.9 
26.6 
41.6 
29.2 

ao.8 

2L6 
0.8 
32.1 
33.9 
20.6 
22.7 
14.0 
17.8 
16.6 
15.0 
26.0 
28.4 
37.3 
47.1 
36.3 
35.5 
42.1 
21.2 
33.2 
2L6 
34.1 
26.0 
36.7 
28.1 
48.4 
45.2 
44.4 
12.2 
29.8 
33.5 
29.5 
21.9 
22.4 
47.1 
29.2 
82.8 
2L9 
21.3 
51.2 
29.4 
43.0 
32.5 
34.6 
41.1 
23.4 
41.3 
30.2 
26.8 
31.3 
23.4 
24.1 
34.2 
23.6 
44.2 
39.0 
35.5 
34.9 
37.2 
27.0 
38.4 
36.5 
36.9 
35.4 
31.2 
28.8 
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Table  VI. — Normal  precipitalion  of  stations  in  the  western    United  SiaUt  gntifd 

according  to  States — Continued. 

UTAH. 


Statton. 


Alpine 

Aneth 

Annabelle  (near) . . 

Beaver 

Black  Rock 

Blue  Creek 

Brigham 

Camp  Douglas 

Castle  Dale 

Castle  Rock 

Coalville 

Corlnne 

Dweret 

Emery 

Esealante 

Farmington 

Fillmore 

Fort  Duchesne 

Frisco 

Ciarrison 

Giles 

Government  Creek, 
Grantvllle(near).. 

Grayson 

Green  River 

G  rover  (near) 

Heber 

Ilenefer 

Hite 

Huntsville 

Kelton 

Levan 

Loa 

Logan 

MantI 

Marion 

Marys  vale  (near) . . 

Meadow  ville 

Millville 

Minersville 

Moab 

Moclena 

Morgan 

Mount  Nebo 

Mount  Pleasant... 

NephI 

Nephi  (near) 

Ogden  (1) 

Ogden  (2) 

Pahreah 

Park  City 

Parowan 

Pavson 

Pirito 

Promontory 

Provo 

Ranch 

Randolph 

Richfield 

St.  George 

Salt  LakeCiH' 

Scipio 

Snowville 

Soldiers  Summit... 

Terrace 

Thistle 

Tooele 

Tropic 

Vernal  (near) 

Woodruff 


County. 


Utah 

San  Juan. 

Sevier 

Beaver 

Millard... 
Boxelder. 

do.... 

Salt  Lake. 

Emery 

Summit.. 

do  ... 

Boxelder. 
Millarxl... 

Emery 

Garfield.. 

Davis 

Millard... 
Uinta.... 

Beaver 

Millard... 
Wayne . . . 

Tooele 

do... 

San  Juan . 

Emery 

Wayne... 
Wasatch . 
Summit.. 
Garfield.. 
Weber... 
Boxelder. , 

Juab , 

Wayne... 

Cache 

Sanpete. . , 
Summit.. 

Piute 

Rich 

Cache 

Beaver 

Grand 

Iron 

Morgan . . . 

Utah 

Sanpete. . 

Juab 

do.... 

Weber... 

do. 
Kane. 
Summit. 
Iron, 
Utah 
Washington 
Boxelder. 
Utah, 
Kane. 
Rich. 
Sevier. 
Washington. 
Salt  Lake. 
Millard 
Boxelder. 
Utah. 
Boxelder. 
Utah 
Tooele, 
Garfield. 
Uinta. 
Rich 


Eleva- 
tion. 


4.000 
5,277 


Namber 

ofy^ffs 

recorded. 


Fed. 
4,900 
4,800 
5,250 
6,000 
4.872 
4,387 
4.379 
4.800 
5.500 
6,244 
5,630 
4.240 
4,541 
6,2f0 
5,700 
4,267 
5,100 
5,000 
7,318 


6,750 
4,080 
5.800 
5,606 
5,301 
3,000 
5.100 
4,230 
5.010 
7.000 
4,507 
5.575 
6,7.50 
6,180 
6.200 
4,848 
5.070 
4,000 
5,479 
5,080 
4.650 
5,859 
6.059 


4,310 
4,310 
4,000 
7,800 
5,970 
4,637 
5,907 

'4.' 632" 
6.700 
6,442 
5.350 
2.880 
4,366 
6,2ti0 
4,360 
7,474 
4,550 
6,075 
4,900 
7,000 
5.050 
6,500 


9 

5 

4 

6 

4 

26 

5 

22 

10 

6 

8 

39 

15 

8 

9 

9 

19 

21 

15 

6 

10 

9 

4 

5 

11 

8 

16 

10 

10 

14 

31 

19 

17 

18 

15 

5 

10 

10 

14 

10 

20 

9 

6 

8 

12 

6 


8 

38 

5 

5 

18 

6 

12 

21 

17 

8 

6 

19 

22 

35 

14 

18 

12 

34 

16 

13 

12 

14 

10 


Reoocd 
cudsd — 


1»6 
190S 
1909 
1909 
1904 
1903 
l«i99 

1909 
1909 
1882 
1909 
1909 
1906 
1909 
1909 
19» 
1909 
1909 
1909 
1905 
1909 
1909 
1909 
1908 
1903 
1909 
1909 
1909 
1909 
1909 
1909 
1909 
1909 
1909 
1909 
1909 
1907 
1909 
1907 
1909 
1909 
1909 
1909 
1904 
1909 
1909 
1909 
190S 
1899 
1901 
1909 
1909 
1909 
1890 
1909 
1909 
1909 
1909 
1908 
1909 
1909 
1908 
1904 
1903 
1908 
1909 
1909 
1909 
1907 


hcha 
Ii4 
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*ABLE  VI. — Normal  precipitation  of  stations  in  the  western   United  States  grouped 

according  to  States — Continued. 


WASHINGTON. 


station. 


;berd^»i 

jiacortes 

kShford 

teltlngham 

Itadne 

tiemerton 

trlnnon 

Monia 

icntralia 

SieDey 

aearwater 

ae  Elnm 

ioUkx 

Wville 

kmconully 

SoopevUle 

Stvacent 

tesick 

Hjton 

EMt  Sound 

tUeosburg 

fort  Canby 

fort  Simcoe 

?ort  Spokane 

}raod  Mound 

3nnite  Falls 

iooper 

lunters 

BCennewIck 

lia  Center 

Lakeside 

Lapuata 

LInd 

Loomis 

Lyle 

Mndrone 

Ilayfleld 

ICottingers  Ranch 

Mount  Pleasant 

If oxee  ( North  Yakima) 

Neah  Bay 

North  Head 

North  Port 

Olga 

Olympia 

Pmco 

Pomeroy 

Port  Crescent 

Port  Townsend 

Pullman  ( Agricultural  College) , 

Republic 

Rluville 

Rosalia 

Seattle 

fiedro-WooUey 

Bilvana 

Boohomlsh 

Booqualmie  Falls 

Bouth  Bend 

South  Ellensburg 

Spokane 

Bprague 

Sonnyaide 

Tacoma 

Tatooeh 

Twin ?.... 

Union  City 

Vancouver 

Vasfaon  Island 

IV  alia  Walla 

Watenrille 

Wenatcbee  (near) 

Whatcom 

WUbur 


County. 


Chehalls 

Skagit 

Pierce 

Whatcom.., 

do 

Kitsap 

Jefferson 

Stevens 

Lewis , 

Spokane 

Jefferson 

Kittitas 

Whitman... 

Stevens 

Okanogan . . 

Island 

Lincoln 

Stevens 

Columbia... 
San  Juan... 

KItUtaa 

Pacific 

Yakima 

Lincoln 

Thurston . . . 
Snohomish.. 
Whitman... 

Stevens 

Benton 

Clarke 

Chelan 

Clallam 

Adams 

Okanogan. . 
Klickitat... 

Kitsap 

Lewis , 

Benton 

Skamania... 

Yakima 

Clallam 

Pacific 

Stevens 

San  Juan . . . 
Thurston. . . 
Franklin... 

Garfield 

Clallam 

Jefferson 

Whitman... 

Ferry 

Adams 

Whitman... 

King 

Skagit 

Snohomish. . 

do 

King 

Pacific 

Kittitas 

Spokane 

Lincoln 

Yakima 

Pierce 

Clallam 

do 

Mason , 

Clarke 

Kine 

VVallawalia . 

Douglas 

Chelan 

Whatcom... 
Lincoln 


Eleva- 
tion. 


Feet. 

162 

60 

1,776 

60 

53 


80 
3,000 

212 
2,351 

135 
1,030 
2,300 
1,635 
2,300 

150 
2.250 
2,050 
1,700 

500 
1,571 

179 


1,400 
162 
397 

1,083 


367 

250 

1,116 

15 

1,700 

1,200 

600 

75 

300 

307 

650 

1,000 

50 

211 

1,050 

50 

200 

360 

1,500 

259 

80 

2,550 

2.628 

1,825 

2,375 

123 

38 

35 

50 

667 

16 

1,570 

1,943 

1,908 

764 

213 

86 

6 

10 

100 

110 

1.000 

2,024 

1.169 

60 

2.203 


Number 

of  years 

recorded. 


17 

15 

12 

14 

12 

10 

8 

12 

16 

10 

12 

10 

20 

9 

9 

13 

8 

7 

23 

14 

21 

30 

11 

15 

0 

6 

5 

5 

12 

12 

18 

5 

9 

9 

15 

21 

9 

9 

9 

17 

20 

7 

10 

19 

31 

1 

15 

14 

19 

17 

9 

10 

16 

18 

12 

10 

14 

10 

14 

11 

28 

6 

12 

23 

23 

2 

14 

34 

20 

23 

18 

10 

9 

10 


Record 
ended— 


1907 
1908 
1906 
1906 
1906 
1908 
1906 
1905 
1906 
1908 
1907 
1908 
1906 
1908 
1906 
1906 
1907 
1905 
1906 
1906 
1906 
1896 
1896 
1898 
1903 
1906 
1903 
1898 
1906 
1906 
1906 
1896 
1906 
1905 
1907 
1898 
1902 
1908 
1908 
1906 
1901 
1906 
1908 
1908 
1908 
1901 
1908 
1908 
1908 
1908 
1908 
1909 
1907 
1908 
1908 
1903 
1907 
1908 
1908 
1904 
1908 
1904 
1906 
1908 
1908 
1900 
1906 
1908 
1908 
1908 
1907 
1908 
UKXJ 
1908 


7 
7 


Normal 
precipi- 
tation. 


Inches. 
86.9 
28.0 
7L8 
31.5 
42.8 
43.9 
75.5 
20.4 
46.6 
17.2 
127.6 
26.7 
23.0 
17.8 
16 
21 
17.8 
23.9 
23.2 
3L8 

9.9 
54.1 

9.3 
13.9 
52.6 
60 
12 
20 

6 
55 
12.7 
85.8 
11.8 
13.7 
26.3 
44.5 
65.9 

9.3 
55.5 

8.9 
116.7 
45.8 
20.8 
30.3 
55.2 

6.5 
19.0 
42.2 


20.6 


22.4 
18.0 

9.8 
20.2 
36.7 
46.8 
36.4 
45.2 
59.5 
90.5 

9.3 
18.9 
15.1 

6.6 
45.4 
88.8 
66.5 
83.4 
38.7 
42.0 
17.7 
13.2 
15.5 
31. <* 
15 
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Table  VI. — Normal  predpitation  of  statioru  in  the  westeffi   United  Statet  grmfd 

according  to  States — Continued. 

WYOMING. 


Station. 


Afton 

Aloova 

Baraum 

Basin 

Bedford 

Border 

Buffalo 

Centennial 

Cheyenne 

Chugwater 

Clark 

Daniel 

Elk  Mountain 

Evanaton 

Fort  Laramie 

Fort  Washakie 

Fourbear 

Granite  Canon 

Granite  Springs  Reservation. 
Green  River 

IronMountain 


Kayoee 

Klrtley 

Lander 

Laramie ,. 

Leo 

Lolabama  Ranch . 

Lusk 

Moorcroft 

Moore 

Pathfinder 

Phillips 

Pine  Bluff 

Rawlins 

Rock  Springs 

Saratoga 

Sheridan  (1) 

Sheridan  (2) 

Soldiers'  Home... 
South  Pass  City . . 

Thayne 

Thermopolls 

Wells 

Wheatland 

Yellowstone  Park. 


County. 


Uinta 

Natrona. 

Jolmson 

Big  Horn 

UinU 

do 

Johnson 

Albany 

Laramie 

do 

Park 

Uinta 

Carbon 

Uinta 

Laramie 

Fremont 

Big  Horn 

Laramie 

do 

Sweetwater... 

Johnson 

Laramie 

Johnson 

Converse 

Fremont 

Albany 

Carbon 

Park 

Converse 

Crook 

Albany 

Natrona 

Laramie 

do 

Carbon 

Sweetwator... 

Carbon 

Sheridan 

do 

Johnson 

Fremont 

Uinta 

Fremont 

Uinta 

Laramie 

National  Park. 


Elevar 
tion. 


Feet. 
6,200 
6,366 
5,500 
3,862 
5,906 
6,085 
4,635 
8,700 
6.088 
5,282 
4,320 
6,740 


6,860 
4,270 
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U.  S.  Department  op  Agriculture, 

Bureau  or  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D.  (7.,  July  W,  1910. 

SiH :  I  have  the  honor  to  transmit  herewith,  and  to  recommend  for 
iblication  as  Bulletin  No.  189  of  the  series  of  this  Bureau,  a  manu- 
ript  entitled  "  The  Source  of  the  Drug  Dioscorea,  with  a  Considera- 
[>n  of  the  Dioscorese  found  in  the  United  States,"  prepared  by  Mr. 
"arley  Harris  Bartlett,  Chemical  Biologist  in  the  Office  of  Drug- 
lant  Investigations,  and  submitted  for  publication  by  Dr.  Rodney 
:  True,  Physiologist  in  Charge. 

For  many  years  there  has  been  more  or  less  confusion  among  crude- 
pug  dealers  in  regard  to  what  plant  should  be  considered  the  true 
ledicinal  "  Dioscorea."  Although  there  is  little  real  evidence  that 
ir  native  species  of  Dioscorea  differ  much  in  their  medicinal  quali- 
es,  some  authors  have  expressed  a  marked  preference  for  a  rhizome 
hich  is  now  very  rare  in  the  trade.  It  is  here  shown  that  there  is 
Btter  historical  precedent  for  the  use  of  the  rhizome  now  handled  by 
rude-drug  dealers  than  for  the  form  which  of  late  has  been  preferred. 

In  carrying  out  this  investigation  Mr.  Bartlett  has  found  it  neces- 
ary  to  consult  much  material  located  in  many  herbaria,  collections, 
nd  museums.  He  was  assisted  very  materially  by  drug  specimens  or 
nformation  furnished  by  Mr.  Floyd  Cole  (Trade,  Tenn.),  Mr.  H.  E. 
Jllis  (St.  Petersburg,  Fla.),  J.  Q.  McGuire  &  Co.  (Asheville,  N.  C), 
llr.  Joseph  Powell  (Bristol,  Tenn),  Mr.  R.  W.  Proctor  (Cincinnati, 
)hio),  and  Vannoy  &  McNeill  (North  Wilkesboro,  N.  C).  To  the 
following  persons  he  is  indebted  for  the  use  of  herbarium  specimens  or 
totes  on  geographic  distribution :  Mr.  W.  H.  Aiken  (Lloyd  Library) , 
Prof.  S.  M.  Bain  (University  of  Tennessee),  Mr.  H.  W.  Barre  (South 
Carolina  Agricultural  Experiment  Station),  Mr.  C.  D.  Beadle  (Bilt- 
more  Herbarium),  Prof.  W.  J.  Beal  (Michigan  State  Agricultural 
College),  Mr.  Stewardson  Brown  (Philadelphia  Academy  of  Natural 
Sciences),  Prof.  W.  A.  Buckhout  (Pennsylvania  State  College),  Mr. 
George  H.  Chapman  (Massachusetts  Agricultural  Experiment  Sta- 
tion), Prof.  Mel.  T.  Cook  (Agricultural  Experiment  Station,  Dela- 
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ware  College),  Mr.  C.  C.  Deam  (Indiana  State  Board  of  Forestrr), 
Prof.  R.  J.  H.  De  Loach  (University  of  Georgia),  Prof.  R.  R  Dbr-I 
niston  (University  of  Wisconsin),  Mr.  H.  S.  Fawcett  (University  of| 
Florida),  Prof.  E.  M.  Freeman  (University  of  Alinnesota),  Prof. 
H.  Garman  (University  of  Kentucky),  Dr.  H.  A,  Gleason  (UnivCTsir 
of  Illinois),  Prof.  F.  D.  Heald  (University  of  Texas),  Mr.  O.  E.  Jen- 
nings (Carnegie  Museum),  Prof.  F.  E.  Lloyd  (Alabama  PoIytedmiK 
Institute),  Mr.  J.  M.  Macoun  (Geological  Survey  of  Canada),  Proi 
L.  H.  Pammel  (Iowa  Agricultural  Experiment  Station),  Mr.  J. 
Penny  packer  (Delaware  Natural  History  Society),  Prof.  G. 
Reed  (University  of  Missouri),  Prof.  B.  L.  Robinson  (Gray  Hi 
barium),  Mr.  A.  D.  Selby  (Ohio  Experiment  Station),  Prof.  J. 
Sheldon  (University  of  West  Virginia),  Dr.  J.  K.  Small  (New  Y 
Botanical  Garden),  Prof.  E.  A.  Smith  (Geological  Survey  of  ^ 
bama),  and  Prof.  William  Trelease  (Missouri  Botanical  Garden) 
To  all  the  above-named  persons  thanks  are  due  for  helpful  coopera- 
tion. 

Respectfully,  Wm.  A.  Taylor, 

Acting  Chief  of  Bureau, 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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^HE  SOURCE  OF  THE  DRUG  DIOSCOREA,  WITH  A 
CONSIDERATION  OF  THE  DIOSCORE^E  FOUND  IN 
THE  UNITED  STATES. 


lAXONOMIC  HISTOBT  OF  THE  DIOSCOBEJB  OF  THE  UNITED  STATES. 

Dioscorea,  an  extensively  developed  genus  in  the  Tropics  of  both 
lemispheres,  is  represented  in  the  eastern  and  central  United  States 
)y  five  species.  Of  this  number,  two  are  described  for  the  first  time 
n  this  paper;  the  others  have  had  a  long  and  involved  bibliographic 
listory. 

In  1705  Plukenet  9  published  "  Bryoniae  nigrae  similis  floridana, 
(nuscosis  floribus  quernis,  foliis  subtus  lanugine  villosis,  medio  nervo 
in  spinulam  abeunte."  In  1839  Gronovius^  referred  Plukenet's 
plant,  to  Dioscorea,  in  the  following  account  of  a  specimen  which 
Clayton  had  sent  him  from  Virginia: 

Dioscorea  foliis  cordatis  acumlnatis,  nervis  lateralibus  ad  medium  folU 
terminatis.     Mas. 

Bryoniae  nigrae  similis  Florldana,  etc.     Plukn.,  Amalth.,  p.  46,  t.  375,  f.  5. 

Lupnli  species  late  scandens,  foliis  cordiformibus  venosis.  alia  tlore,  alia 
semine  foecunda,  flores  albos  steriles  in  spica  pendula  ferens,  seniiuibus  mem- 
branis  extantibus  alatis,  vasculo  qnoque  seniinali  niembranaceo  trlquetro 
iaclusis,  plnrimis  in  racemos  ad  modum  Lupulorum  dense  congestis.  Clayt 
n.  94. 

The  only  Dioscorea  ascribed  by  Linnaeus  to  the  present  area  of 
the  United  States  was  in  part  based  upon  the  above  citations  from 
Plukenet  and  Gronovius.     He  treated  it  as  follows :  ^ 

7.  Dioscorea  [vlllosal  foliis  cordatis  altemis  oppositisqne,  caule  laevl. 

Dioscorea  foliis  cordatis  acumlnatis:  nervis  lateralibus  ad  medium  folli 
terminatis.     Gron,     Virg.    121. 

Bryoniae  nigrae  similis  florldana,  muscosis  floribus  quernis,  foliis  subtus 
lanugine  villosis :  medio  nervo  in  spinulam  abeunte.     Pluk.  Aim.  46,  t.  375,  f.  5. 

Habitat  in  Virginia,  Florida. 

In  attempting  to  decide  upon  the  application  of  the  name  Dioscorea 
^*illo8a^  it  was  but  natural  to  inquire  whether  there  was  any  speci- 
men so  called  in  the  herbarium  of  Linnaeus.     Dr.  B.  Daydon  Jackson, 

«  Amaltheum,  p.  46,  t.  375,  f .  5. 
*  Flora  Vlrginica,  ed.  1,  p.  121. 
<^  Species  Plnntarum,  ed.  1  (1753),  11,  p.  1033. 
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secretary  of  the  Linneean  Society,  very  courteously  looked  into  the 
matter,  and  wrote  as  follows: 

On  referring  to  the  Linnsean  herbarium,  I  found  only  one  American  sped- 
men.  *  *  *  At  the  bottom  of  the  sheet  is  the  note  by  LInn6  himselt  "6K 
sativa,"  to  which  Smith  has  added  in  pencil,  "  non  est ;  "  K=Kalm.  I  do  sot  ^ 
find  any  specimen  named  by  Linn6  "  villosa  "  in  his  herbarinm,  but  as  saiiva 
is  an  East  Indian  species,  and  the  specimen  is  of  Kalm's  collection,  it  is  patent 
that  there  is  a  blunder. 

Since  Kalm  is  not  mentioned  in  the  treatment  of  Dioscorea  vQloia, 
and  since  no  localities  but  Virginia  and  Florida  (these  obviousiT 
refer  to  the  citations  from  Gronovius  and  Plukenet)  are  mentioned 
by  Linnaeus,  we  can  by  no  means  typify  D.  villosa  by  the  Kalm  speci- 
men.** The  species  must  therefore  be  interpreted  in  the  light  of  the 
diagnosis  and  synonymy  given  by  Linneeus. 

Doctor  Rendle,  of  the  British  Museum,  has  kindly  sent  a  photo- 
graph and  description  of  the  specimen  which  Clayton  collected  in 
Virginia  and  sent  to  Gronovius.  It  is  identical  with  the  most  widely 
distributed  Dioscorea  of  our  range — ^not  the  most  characteristic 
species  of  Virginia,  to  be  sure,  but  the  one  which  would  probably  have 
been  collected  in  the  coastal  part  of  the  State.  In  the  matter  of 
pubescence  the  species  varies  considerably,  but,  according  to  Doctor 
Bendle,  the  Gronovian  specimen  is  glabrous  except  for  puberulence 
on  the  veins  and  venules  of  the  lower  leaf  face.  It  can  not,  there- 
fore, have  been  seen  by  Linnaeus  at  the  time  he  wrote  the  Species  Plan- 
tarum,  for  he  would  not  have  applied  the  adjective  ''  villosa  "  to  an 
almost  glabrous  plant.  As  a  matter  of  fact,  the  specific  name  came 
from  Plukenet's  "  Bryoniae  nigrae  similis  floridana,  muscosis  floribu? 
quernis,  foliis  subtus  lanugine  viUosis^  medio  nervo  in  spinulam 
abeunte."  This  characterization  and  the  figure  which  accompanies 
it  are  altogether  vague,  and  in  at  least  one  point,  the  description  of 
the  flowers  as  four  parted,  not  even  in  accord  with  the  generic 
concept  of  Dioscorea.  If  we  typify  Dioscorea  villosa  by  the 
Gronovian  specimen,  as  there  is  some  warrant  for  doing  because  of 
the  fact  that  the  first-cited  locality  in  the  Species  Plantarum  is 
Virginia,  we  must  call  a  widely  distributed  and  abundant  plant  by 
a  name  which  is  altogether  inept.  Richard*  found  a  way  out  of 
this  difficulty  by  renaming  the  northern  plant,  which  is  identical 
with  the  Gronovian  specimen.    His  treatment  follows: 

D.  [paniculata]  caule  laevi  foliis  brevlbus,  cordatls,  acumlnatis,  racemo  bolx. 
e  plurimis  racemulis  flUformibus  quasi-paniculatlni  comix>8ito;  capsula  roton- 
data  glabra. 

<»A  photograph  of  Kalm's  specimen,  kindly  sent  by  Doctor  Jackson,  shows 
that  it  should  be  referred  to  the  species  treated  in  this  paper  as  Dioacorw 
paniculata, 

^Michaux,  Flora  Bor^li- Americana  (1803),  il,  p.  239. 
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D,  vUlosa  Linn. 
I),  quaiemata  et  quinata  Gmel. 
Obs.    Cultura  saepe  fit  glabra. 
Hah,  a  Canada  ad  Carol inam. 

There  is  no  reason  why  the  name  Dioscarea  paniciilata  should  not 
be  adopted,  for  the  description  and  range  implicitly  exclude  the 
dubious  plant  of  Plukenet. 

The  Vienna  code  provides  for  the  rejection  of  names  which  are 
likely  to  remain  permanent  sources  of  confusion  and  error.  On  this 
ground  the  name  Dioscarea  villosa  should  surely  be  dropped.  The 
Linneean  diagnosis  differs  in  only  one  word  from  that  of  D,  sativa: 

6.  Dioscorea  [sativa]  foliis  cordatis  altemls,  caule  laevi. 

7.  Dioscorea  [villosa]  foliis  cordatis  altemis  oppositisque,  caule  laevi. 

Moreover,  the  single  character  which  Linnaeus  used  to  distinguish 
his  Dioscorea  villosa  from  his  D.  sativa  (leaves,  in  the  former  species, 
alternate  and  opposite)  did  not  apply  either  to  Plukenet's  plant  or  to 
that  of  Gronovius.  The  Gronovian  specimen  at  the  British  Museum 
has  all  the  leaves  alternate.  The  sheet  bears  this  annotation :  "  Ilinc 
inde  folia  fert  opposita,  unde  potius  dicenda  Dioscorea  foliis  cordatis 
alternis  oppositisve."  Plukenet's  plate  shows  no  opposite  leaves.  As 
Lamarck**  pointed  out  in  the  passage  ouoted  below,  the  character 
"  foliis  oppositis  "  had  a  bibliographic  origin  with  Plumier  and  Rum- 
phius,  whose  Polygonatum  scandens  altissimum^  foliis  Tainni  and 
Ubium  nurmnularium  are  included  by  Linnwiis  in  Dioscorea  villosa^ 
although  he  does  not  cite  them. 

Je  crols  qu'une  Igname  dont  les  feu i lies  sont  les  unes  alternes  &  les  autres 
oppos^es,  est  un  ^tre  de  raison ;  que  Linn6  n*a  ^tabli  son  Dioscorea  villosa  que 
8ur  les  llvres,  en  voulant  fa  ire  regarder  comnie  la  ni^me  plante  le  Bryoniae 
nigrae  sitnilia  Floridana  de  Plukenet,  le  Polygonctum  scandens  altissimum  .  .  . 
de  Plumier,  enfln  VUMum  numtnularium  de  Runiphe,  qui  sont  trois  plantes 
tr&s-diff^rentes  entr'elles.  Mais  la  plante  de  Plukenet  n'a  aucunes  feuilles  op- 
pos^es,  constat^es  par  Tobservatlon ;  au  contraire.  celle  de  Plumier,  que  J'ai 
vTie,  &  que  je  d^ris  ci-dessous,  n'a  aucunes  feuilles  a  Hemes.  Quelle  est  done 
cette  Igname  de  la  Virginie  &  de  la  Floride,  qui  a  en  m^me  temps  des  feuilles 
opposes  &  des  feuilles  alternes?  Je  n'en  trouve  aucun  indice,  soit  dans  les 
llvres,  soit  dans  les  Herblers  que  j'ai  pu  visiter.  Au  reste,  la  figure  cit(?e  de 
Plnkenet  (t  375,  f.  5),  ressemble  beaucoup  ft  la  plante  que  Ton  cultive  au  Jardin 
du  Roi  sous  le  nom  de  Dioscorea  sativa,  plante  qui  y  subsiste  en  pleine  terre, 
sans  que  la  gel^  fasse  p^rir  sa  racine,  ce  qui  me  fait  pr^sumer  que  cette  m^me 
plante  n'est  point  des  Indes,  mais  qu*elle  est  r^llement  originaire  de  la 
Virginie. 

While  Linnaeus  was  writing  the  Species  Plantarum,  Burman  was 
engaged  in  editing  works  of  Rumphius*  and  of  Plumier.*^    An  ap- 

«Encyclop6dle  M^thodique  Botanique,  iii  (1789),  p.  231. 

^Rumphii  Herbarium  AmbolneiiKe  (1741-1755). 

'^Plantarum  Americanarum  fasciculus   (I,  II  .   .  .  etc.),  continens  plantas 
quas  olim  Carolus  Plumierius  detexit,  eruitque  atque  in  Insulis  Autillis  ipse 
depinxit  (1757). 
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pendix"  to  the  Herbarium  Amboinense  contains  an  *' Index  uniTcr- 
salis,"  in  which  Vhiitm  nummularium  is  referred  to  Dioscorea  intlota. 
In  his  preface  Burman  states  that  the  Linnsean  references  wen 
taken  from  a  dissertation  published  by  Stickman  under  the  directicm 
of  Linnceus  in  1754,  and  therefore  contemporaneous  in  preparation 
with  the  Species  Plantarum.  The  dissertation  was  reprinted  in  the 
Amoenitates  Academicae.* 

The  evidence  that  Plumier's  Polygonatum  scandens  altissimum^ 
foliis  Tarrvni  is  included  in  the  Linnsean  concept  of  Dioscorea  vUloM 
is  not  so  convincing  as  in  the  case  of  Ubium  nunvmAilarium,  The  two 
plants  are  made  synonyms  in  Burman's  edition  of  Plumier,  bat 
whether  or  not  with  the  knowledge  of  Linnaeus  it  is  impossible  to  say. 
Plumier's  plate  is  of  an  opposite-leaved  Dioscorea  from  the  West 
Indies,  a  member  of  a  section  of  the  genus  to  which  our  species  have 
no  resemblance. 

As  compared  with  Dioscorea  villosa^  none  of  our  other  species  are 
difficult  of  interpretation.  Walter*^  published  Anonym os  (Dios- 
coreae  affinis?)  quaternatus,  foliis  cordatis  septemnerviis,  nervorum 
pari  extimo  bifido,  acuminatis,  infimis  quaternis  deinde  ternis  binis 
alternisque,  caule  sinistrorsum  volubili,  racemis  axillaribus  pendulis, 
floribus  sursum  assurgentibus,  and  Anonymos  (Dioscoreae  affinis?) 
quinatus,  foliis  peltato-cordatis,  9-nerviis,  foliis  infimis  quinis. 
Gmelin''  later  copied  the  diagnoses  and  published  tlie  bincnnials 
Dioscorea  quatemata  and  D,  quinata.  Walter's  herbarium,  at  the 
British  Museum,  contains  specimens  of  neither  plant.  Dioscorea 
quatemata  was  accepted  as  a  good  species  by  Pursh,*  Xuttall/ 
Elliott,^  Beck,*  and  Kunth,*  and  is  interpreted  in  the  traditional 
way  in  this  paper.  D.  quinata^  on  the  other  hand,  has  always  been 
an  enigma. 

In  1813  Muhlenberg  ^  published  Dioscorea  glauca^  a  nomen  subnu- 
dum.  Fortunately,  however,  his  plant  is  as  readily  identified  from 
the  descriptive  name  which  he  chose,  and  from  the  locality,  as  though 

<'Rumphli  Herbaril  Amboinensis  Auctuarium  (1755). 

^  Amoeuitates  Acadeiiilcae,  iv.  Diss.  Ivi,  Herbarium  Amboinense  sub  praesidio 
D.  D.  Car.  Liunaei  proposuit  Olavus  Stickman.    Upsaliae,  1754,  Maj.  9. 
c  Flora  Carolinlana  (1788),  p.  246. 
^'Linnaei  Systema  Vegetabllium,  ed.  13  (1791),  i,  p.  581. 
®  Flora  Americae  Septentrional  is  (1814),  i,  p.  251. 
f  Genera  of  North  American  Plants  (1818),  ii,  p.  238. 
^Botany  of  South  Carolina  and  Georgia  (1824),  ii,  p.  704. 

*  Botany  of  the  Northern  and  Middle  States  (1833).  p.  355. 

*  Enumeratio  Plantarum  (1850),  v,  p.  336. 

i  Catalogus  Plantarum  Americae  Septentrionalis  (1813),  p.  92. 
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le  had  written  a  full  description.    He  recognized  two  species,  which 
le  treated  as  follows: 

I>i08Corea:    (1)  villosa  ^  hairy  Pens.  fl.  Jun.  Virg;   (2)  glauca  :^  glaucous 
*en8.  fl.  Jun. 

Only  two  species  have  been  found  in  a  large  series  of  specimens 
Proni  Pennsylvania.  One  of  them,  Dioscorea  paniculata^  corresponds 
:o  the  D.  villosa  of  Muhlenberg,  and  the  other  must  therefore  be 
railed  D,  glauca.  There  is  nothing  to  represent  Muhlenberg's  name 
n  his  herbarium  at  the  Philadelphia  Academy  of  Natural  Sciences, 
3ut  there  can  not  be  the  least  doubt  that  it  has  been  applied  to  the 
sorrect  plant. 

Rafinesque*  described  four  Dioscorese  in  1836.  Two  of  them 
D.  megaptera  and  D,  hexaphylla  may  be  referred  to  D.  glauca^  and 
[)ne,  2>.  repanda^  may  be  divided  between  Z>.  glauca  and  D.  quater- 
YUita.  The  other,  Z>.  longifolia^  described  from  leaves  only,  it  is  im- 
possible to  identify. 

In  1850  Kunth  *  published  Dioscorea  pruinosa.  No  specimen  is 
preserved  at  Berlin.  From  his  full  description,  however,  it  seems 
clear  that  the  plant  should  be  referred  to  D.  glauca. 

Between  the  years  1850  and  1909  all  of  our  Dioscorea*  were  treated 
in  botanical  works  as  one  species  under  the  name  Dioscorea  villosa. 
In  the  seventh  edition  of  Gray's  Manual  (1909)  the  editors  departed 
from  current  usage  in  taking  up  D.  villosa  var.  glabra,  a  name  ob- 
scurely published  by  Mr.  C.  G.  Lloyd  in  1880,^  and  afterwards  used 
in  various  medical  works.*  Careful  study  of  all  the  evidence  available 
has  shown  that  this  name  is  likewise  a  synonym  of  Dioscorea  glauca. 
Mr.  Lloyd's  very  valuable  observations  on  the  medicinal  rhizomes  of 
the  two  plants  distinguished  by  him  as  D.  villosa  and  D.  villosa  var. 
glabra  will  be  given  due  attention  in  another  connection. 

SYNOPSIS  OF  THE  SPECIES  OF  DIOSCOBEA. 

Staminate  inflorescences  solitary  and  occurring  only  in  tlie  leaf  axils. 
Lower  leaves  verticillate  in  4's  to  7*8. 

Leaf  blades  green  below  when  mature,  usually  glabrous, 

1.  D.  quatemata. 
Leaf  blades  glaucous  below  when  mature,  generally  hirtellous, 

2.  D.  glauca. 

''New  Flora  of  North  America,  second  part,  Neophyton  (1S36),  pp.  88-89. 

^Enumeratio  Plantarum,  v.  (1850).  p.  3:^9. 

^  King,  John,  and  Lloyd,  John  Uri,  Supplement  to  the  American  Dispensatory 
(1880),  pp.  81-83. 

*  Several  editions  of  King's  American  Dispensatory,  revised  by  H.  W.  Felter 
and  J.  U.  Lloyd. 

A  Treatise  on  Dioscorea  and  Sulphurous  Acid.    Drug  Treatise  No.  14,  issued 
by  Uoyd  Brothers  (1905). 
189 


12 


THE  SOURCE  OP  THE  DRUG  DIOSCOREA. 


Lower  leaves  all  alternate,  or  the  three  lowest  subapprozixuate  or  TertkdUtte. 
Intemodes  strictly  glabrous.    Fruiting  racemes  many  fruited. 

Leaves  pubescent  beneath 3.  D.  pajiieiilate. 

Leaves  altogether  glabrous 3.  D.  paniculaia  fflabiifoUk, 

Intemodes  hairy.    Fruiting  racemes  1  to  4  fruited 4.  D,  hirHcawUt. 

Staminate  inflorescences  solitary  or  fasciculate  in  the  leaf  axils,  and  tenui- 
nating  the  stem 5.  D./loridanL 

1.  Dioscorea  qnaternata  (Walt.)  Gmel.  Rhizomes  about  1  cm.  in 
diameter,  straight  or  sometimes  forked,  with  few  or  no  short  lateral 
branches.  Stems  1  to  2  m.  long,  rigid  and  erect  below  the  first  node, 
requiring  support   above.    Lower  leaves  verticillate  by  5  s  or  6's 


Fio.  1. — Map  of  the  soatheastern  portion  of  the  United  States,  showing  the  dlstribntioa  ol 

Dio8Corea  quaternata, 

(rarely  4's  or  7's) ;  upper  leaves  alternate.  Petioles  of  the  lower 
leaves  densely  pubescent  at  base  and  apex,  sometimes  glabrate  in  age. 
Leaf  blades  cordate,  repand,  green  on  both  sides,  usually  strictlv 
glabrous  except  for  the  dense  pubescence  at  the  insertion  of  the 
petiole.  Staminate  inflorescences  paniculate,  solitary  in  the  leaf 
axils,  occuring  even  in  the  axils  of  the  lower  verticillate  leaves. 
Pistillate  inflorescences  few  flowered.  Fruit  2  to  3  cm.  long,  very 
variable  in  shape. 

The  distribution  of  this  species,  as  shown  in  figure  1,  is  based  upon 
the  following  material: 
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2^arth  Carolina. — Guilford  County,  Biltmore  Bcrh,,  364  a;  Orange  (bounty, 
\    TV.  Ashe;  Swain  County,  H,  C.  Beardslee  and  C.  A,  Kofoid,  July  25,  1891. 

South  Carolina.— Oconee  County,  H,  D.  House,  3470  and  2120;  Pickens 
[>oiity,  H.  D.  House,  3079. 

Georgia.— T>e  Kalb  County,  H.  Eggert,  May  22,  1897,  and  W.  W.  Ashe,  May, 
J9« ;  Floyd  County,  Chapman  Herb.;  McDuffie  County,  H.  H.  Bartlett,  1722 
ail  1733 ;  Walker  County,  Percy  Wilson,  197 ;  Meriwether  County,  S.  M.  Tracy, 
>OS. 

Alabama.— Bibb  County,  E,  A.  Smith,  July  20,  1879;  Cullman  County,  H. 
ffffert,  June  21,  1897,  and  C.  F.  Baker,  May  18,  1897;  Hale  County,  .fif.  Watson, 
L  1857;  Lee  County,  F,  B.  Earle  and  C.  F  Baker,  April  24,  May  8,  and  October 
,  1897;  Montgomery  County,  C.  Mohr;  Tuscaloosa  County,  E.  A.  Smith,  1287 
Qd  1516 ;  Wilcox  County,  S.  B.  Buckley,  May,  1839. 

Ftorida. — ^Franklln  County,  Chapman. 

Liouisiana. — East  Baton  Rouge  Parish,  W.  R.  Dodson, 

Mississippi. — Choctaw  County(?),  /.  M.  Clute,  68;  Jones  County,  8.  M,  Tracy, 
355 ;  Smith  County,  fif.  M  Tracy,  August  22,  1903. 

ArJcansas. — Garland  County,  William  Trelease,  October  3,  1898,  and  8.  E. 
ieeJt,  August  19,  1889;  Independence  County,  F.  V.  Coville,  180;  Pulaski 
Soujity,  H.  E.  Hasse,  April  11,  1886. 

Missouri, — Jefferson  County,  H.  Eggert,  July  15,  1892. 

Tennessee. — Franklin  County,  A.  Oattinger;  Hamilton  County,  F.  Lam^on- 
icribner,  May  21,  1890;  Haywood  County,  8.  M.  Bain,  June  13,  1893;  Knox 
>ounty,  A.  Ruth,  779  and  1200  a ;  Monroe  County,  F.  Lamson-Scribner,  June  29, 
1890.  t 

Kentucky. — Lyon  County,  W,  W.  Eggleston,  4674. 

2.  Dioscorea  glauca  Muhl.  Rhizomes  1  cm.  or  more  in  diameter, 
>fteii  forked  and  with  many  short  lateral  branches  equal  in  diameter 
to  the  rhizome,  usually  much  contorted  and  forming  dense  masses. 
Stems  1  to  3  m.  long,  rigid  and  erect  below  the  first  node,  requir- 
ing support  above.  Lower  leaves  verticillate  in  whorls  of  6  to  7; 
upper  leaves  alternate.  Petioles  densely  pubescent  at  the  apex. 
Leaves  larger  than  in  D.  quatemata^  less  markedly  repand  or  not  at 
all  so,  usually  sparsely  hirtellous  beneath,  but  often  glabrous,  always 
glaucous  when  mature.  Paniculately  branched  staminate  inflores- 
cences solitary,  occurring  in  all  the  leaf  axils.  Pistillate  inflores- 
cences few  flowered ;  fruits  2  to  3  cm.  long. 

Dioscorea  glauca  is  essentially  a  plant  of  the  mountains,  although 
in  the  northern  part  of  its  range  it  is  found  near  sea  level.  In  the 
lowlands  southward  it  is  replaced  by  the  closely  related  D.  quater- 
nata.  As  will  be  seen  from  the  map  (fig.  2)  the  ranges  of  the  two 
species  hardly  overlap. 

The  following  specimens  have  been  examined: 

Pennsylvania. — ^Allegheny  County,  J.  A.  Shafer,  590,  and  C.  C.  Mellor,  June 
7. 1889;  Fulton  County,  Witmer  Stone,  June  4,  1905;  Huntingdon  County,  O.  E. 
Jennings,  May  17,  1904;  Lancaster  County,  J.  J.  Carter,  May,  1870,  and  A.  A. 
Beller,  June  5,  1900;  Susquehanna  County,  A.  Stengel,  May  29,  1886;  West- 
moreland County,  O.  E.  Jennings,  May  19,  1904;  York  County,  J.  N.  Rose  and 
J.  H.  Painter,  8123. 
189 


14 


THE  SOUBCE  OF  THE  DRUG  DIOSCOREA. 


Delaware. — ^Newcastle  County,  William  M.  Canby,  July,  1893. 

Maryland. — Garrett  County,  O.  A.  Eifrick,  May,  1902;  Montgomery  Coimty. 
A.  Chase,  2313  and  2827^,  and  H.  H,  Bartlett,  1821 ;  Prince  Georges  Comity,  Jl 
Chase,  2215 ;  District  of  Columbia,  E.  8.  Steele,  67,  and  H.  D.  House,  709. 

Virginia. — ^Alexandria  County,  A.  8.  Hitcltcack,  September,  1901,  and  L.  H. 

*  Dewey,  239;  Bedford  County,  A.  H.  Curtiss,  43953;  Campbell  County,  fi.  B. 

Buckley;  Fairfax  County,  E.  L,  Morris,  June.  1896,  and  L.  H.  Dewey,  232; 

Loudoun  County,  A.  Chase,  22M;  Russell  County,  C.  L,  Alsberg,  54  and  120: 

Smyth  County,  J.  K.  Small,  June  4,  1892. 

West  Virginia. — Barbour  County,  J.  M.  Oreenman,  93;  Monongalia  County. 
O.  E.  Jennings,  July  4,  1909;  Preston  County,  J.  L.  Sheldon,  1454.  and  K.  S. 
Steele,  August  18.  1898 ;  Upshur  County,  W.  M,  Pollock,  May  30,  1895,  and  May 
31  and  June  12,  1897. 


Fig.  2. — Map  of  the  eastern  portion  of  the  United  States,  showing  the  distrlbatioo  of 

Dioscorea  glauca. 

Ohio. — Hamilton  County,  C.  O.  Lloyd. 

Illinois— Union  County,  F.  8.  Earle,  763,  and  Mrs.  C.  Butler,  August  13,  18S0. 

Kentucky. — Fayette  County,  IF.  A.  Kellerman,  in  1882;  Greenup  County,  yoA» 
Butler,  in  1909;  Jessamine  County,  H.  Oarman;  McCracken  County,  BUtmore 
Herb.,  304  c;  Menifee  County,  H.  Garman,  May  8,  1893;  Pulaski  County,  C.  W. 
Mathews,  July  11.  1892;  Warren  County,  8.  F.  Price,  May  21.  1900;  Wolfe 
County,  M.  L.  Didlake,  June,  1898. 

Missouri.— St.  Louis  County,  A^.  M.  Qlatfelter  (?),  517. 

Tennessee. — Knox  County,  F.  LamsonrScribner,  May  14,  1889. 

North  Carolina. — Buncombe  County,  Biltmore  Herb.,  364,  and  F.  Crayton  and 
W.  W.  Egglcston,  4398 ;  Macon  County,  L.  R.  Oibbs,  in  1881 ;  Orange  County, 
W.  W.  Ashe,  June,  1898 ;  Polk  County,  J.  R.  ChurchUl,  May  30,  1899,  and  E,  C. 
Totcnsetid,  April  29,  1897 ;  Surry  County,  H,  H.  Rusby,  June  18, 1909. 

South  Carolina. — Anderson  County,  L.  R.  Oibbs,  in  1885;  Oconee  Connty, 
A.  P.  Anderson,  1502. 
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3.  Dioscorea  paniculata  Michx.  Bhizomes  long  and  slender,  simple 
r  rarely  forked,  less  than  1  cm.  in  diameter,  with  a  few  short  lateral 
ranches  of  less  diameter.  Stem  1  to  4  m.  long,  flexucus,  glabrous. 
eaves  all  alternate,  or  two  or  three  of  the  lowest  subapproximate, 
abescent  or  puberulous  beneath.  Petioles  glabrous  at  the  insertion 
F  the  blade,  or,  if  pubescent,  less  densely  so  than  the  blades.  Stami- 
ate  inflorescences  solitary,  borne  only  in  the  leaf  axils  of  the  upper 
ilf  of  the  stem,  the  three  or  four  lowest  less  branched  than  those 
igher  up.  Pistillate  inflorescences  densely  many  fruited.  Capsules 
cm.  long  or  less. 


ho.  3. — Map  ot  the  eastern  portion  of  the  United  States,  showing  the  distribution  of 
Diotcorea  paniculata  (by  dots)  and  Its  variety  glahrifolia  (by  crosses). 

Var.  gldbrifolia  Bartlett.®  Leaves  altogether  glabrous.  This  va- 
riety replaces  the  typical  form  of  the  species  in  the  southwestern  part 
of  the  range.  Various  northeastern  specimens  are  indistinguishable 
from  the  southwestern  plant,  but  may  be  genetically  distinct  from  it. 
In  the  distribution  map  (fig.  3)  the  range  of  the  variety  is  shown  by 
crosses. 


•Wo«corea  paniculata  glabrifoJia  var.  nov.     Follls  glabris  exceptis,  formae 
^>ec!el  typlcae  omnlno  slmills.    A.   8.  Hitchcock,  830    (pro  parte)    **  Woods, 
Cherokee  Co.,  Kansas,  1896." 
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The  following  specimens  of  Dioacorea  paniculata  have  been  ex- 
amined :  ^ 

Connecticut — Fairfield  County,  C.  L.  Pollard,  115;  Middlesex  County, /.  H. 
Red  field,  7952,  and  S.  B.  Buckley,  September,  1835;  New  Haven  County.  C.  R. 
Bisaell,  203,  and  A.  L.  Winton,  July  8,  1886;  New  London  County,  G.  tL  Ltw- 
den,  July  16,  1885.*  j 

yew  York, — Chemung  County,  T.  F,  Lucy,  712:  New  York  County,  X.  L  , 
BHtton,  July  22,  1879 ;  Tioga  County,  F.  V.  Covillc,  June  4,  1887.  and  F.  B.  ; 
Fenno,  401 ;  Westchester  County,  O.  V.  Nash,  July  2.  1896. 

New  Jersey, — Atlantic  County,  C.  A,  Gross;  Bergen  County,  K.  L.  Brittim,  | 
September,  1883;  Camden  County,  E.  B,  Bariram,  August  3,  1907:  Hudam  , 
County,  A,  C.  Hexamer  and  F.  W.  Maier,  August  17,  1852,  and  WUliam  M,  Vm 
Siickle,  July  1,  1894 ;  Ocean  County,  J,  H.  Orove,  July  16  and  August  21, 1908;  ^ 
Passaic  County,  Q.  V,  Nash,  July,  1889;  Warren  County,  Alhrecht  Jahn,  S«p- 1 
teniber  14,  1895,  Thomas  C,  Porter  and  A.  A.  Tyler,  June  27,  1896. 

Delaware, — J{?ewcastle  County,  A.  Commons,  July,  1866. 

Maryland, — ^Allegany  County,  Howard  Shriver,  in  1894 ;  District  of  Columbli, 
F,  Blanchard,  September  17,  1890,  L.  F,  Ward,  July  8,  1878,  and  C.  L.  Pollard, 
605. 

Pennsylvania. — ^Bucks  County,  Bayard  Long,  July  6,  1909;  Center  Oonnty, 
W.  A,  Buckhout,  October,  1909;  Crawford  County,  0.  E.  Jennings,  August  19, 
1904,  and  J.  A.  Shafer,  July  23,  1901 ;  Dauphin  County,  J,  K.  Small,  July  18w 
1888;  Delaware  County,  8.  8.  Van  Pelt,  June  24,  1906;  Franklin  County,  /.  i. 
Keller,  July  28,  1895;  I^banon  County,  J,  K,  Small,  December,  1S91;  Lehigb 
County,  .1.  F.  K,  Krout,  June,  1878;  Monroe  County,  Joseph  Crawford,  July  4, 
189«;  Montgomery  County,  Alexander  MacElwee,  June  26,  1892;  Northampton 
County,  A.  A,  Tyler,  550,  and  Bayard  Long,  June  29,  1908;  Philadelphia 
County,  J,  //.  Redfield,  7951. 

Ontario, — Essex  County,  Macoun,  July  24,  1892;  Lincoln  County,  W.  C. 
McCalla,  244 ;  Wellaud  County,  Cameron,  August,  1892. 

O/iio.— -Franklin  County,  E,  B.  Williamson,  June  22,  1897;  Hamilton  County. 
C.  G,  Lloyd,  June  25,  1890,  and  W,  H,  Aiken,  June  15,  1902;  Lucas  County, 
Lewis  Schultz,  1705;  Richland  County,  E.  Wilkinson,  10214:  Sandusky  County, 
M,  J,  Persing,  July  10, 1897;  Summit  County,  L.  D,  Stair,  June  26, 1896;  Wayne 
County,  A,  Russ,  435,  and  A.  D.  Selhy  and  J,  W,  T.  Duvel,  436. 

3/ic/ii(;aH.— Branch  County,  J,  Shaddick,  July  29,  1896;  Cass  County.  B.  S, 
Pepoon,  452;  Genesee  County,  D,  Clark;  Gratiot  County,  C.  .4.  Daris,  July  10 
and  October,  1892;  Ingham  County,  C.  F,  Wheeler,  June  20,  18a5;  Ionia 
County,  F,  P.  Daniels,  June,  1896:  Jackson  County,  Houghton,  July  13,  1S38; 
Kalamazoo  County,  Houghton,  August  2,  1838;  Kent  County,  A,  A,  Crazier, 
July  11,  1886;  licnawee  County,  W.  J,  Beat,  in  1886;  Muskegon  County,  C.  D. 
McLouth,  September  7,  1898;  Shiawassee  County,  O.  H,  Hicks,  July  13,  1S89; 
Washtenaw  County,  Houghton,  July  2,  1838;  Wayne  County,  William  Booie. 
June  26,  1871. 

Wisconsin, — Dane  County,  H.  L.  Russell,  June  20,  188Y,  and  L,  8.  Cheney, 
July  5,  1890;  La  Crosse  County,  L,  H,  Pammel,  July,  iaS7:  I^fayette  County. 
L,  8,  Cheney,  June  2(>,  1890;  Wood  Count>',  B,  M,  Vaughan,  July,  1SS3- 

«  The  occurrence  of  Dioscorea  paniculata  in  Middlesex  County,  Massachusetts, 
shown  in  figure  3,  is  based  ui)on  Bigelow*s  reiwrt  of  the  plant  as  **rare"  In 
"  woods  on  the  Concord  turnpike.'*  (Florula  Bostonlensis,  2d  ed.,  1824,  p.  369.) 
It  has  not  been  reported  since. 

^Of  all  the  specimens  cited  In  this  synopsis,  only  this  one  had  branched 
pistillate  inflorescences. 
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finnesota, — Chisago  County,  B,  C,  Taylor,  August,  1892;  Olmsted  County, 

».   George  Atiislie,  May  28,  1805;  Washington  County,  H.  Eggert.  July  12, 

•2 ;  Winona  County,  J,  M.  Holzingcr,  August  21,  1888. 

ndiana, — ^Allen  County,  C,  C.  Deam,  1157;  BlacliLford  County,  C.  C.  Beam, 

n ;  Grant  County.  C.  C.  Dcam,  2177 ;  Huntington  County,  C.  C.  Beam,  2146 ; 

Bciusko  County.  C.  C,  Beam,  3205;  Noble  County,  C.  C.  Beam,  316;  Parke 

inty,  H,  H.  Bartleti,  June  25,  1903 ;  Posey  County,  C.  C,  Beam,  910 ;  Steuben 

mtj,  C.  C.  Beam,  June  16,  1903;  Tippecanoe  County,  H.  B,  Bomer,  July  4. 

»1 ;  Wells  County,  C.  C.  Beam,  4. 

7ltnoi«.— Champaign  County,  M,  B.  Waite,  June  28,  1886;  Cook  County,  A. 

»«e,  June  1,  1896;  Dupage  County,  L.  M.  Umbach,  August  18,  1897,  June  16 

I  July  2,  1808;  Henderson  County,  H.  N.  Patterson,  43954;  Marshall  County, 

If.  Chase,  1488;  Peoria  County,  F,  E,  McBonald,  July,  1893;  St.  Clair  County, 

Eggert,  June  24,  1875,  and  August  28,  1878;  Stark  County,  F.  H,  Chase,  623; 

ek  Island  County,  C.  C.  Parry,  July,  1865;  Vermilion  County,  M.  B.  Waite, 

Qe  24,  1886. 

'otra. — Fayette  County,  B,  Fink,  472 ;  Henry  County,  J,  H,  Mills,  531 ;  Johnson 

anty,  Fitzpatrick,  June,  1896;  Pottawattamie  County,  F,  V.  Hayden,  July  5, 

53;    Scott  County,  C.  C.  Parry;  Story  County,  A.  8,  Hitchcoek;  Winneshiek 

unty,  E.  W.  Z>.  Uolway,  June  30,  1882. 

Uinsouri, — Boone  County,   F.  P,  Baniels,  June  13,  1903;   Caldwell  County, 

E,  Townsend,  September,  1869 ;  Cole  County,  O.  Kratisr,  June,  1867 ;  Greene 

anty,  J.  W.  Blankinship,  2477;  Jasper  County,  E,  J,  Palmer,  527;  Jefferson 

unty,  H,  Eggert,  June  26,  1802 ;  St.  Louis  County,  H,  Eggert,  June  14,  1893. 

Kansas. — Cherokee  County,  A.  8.  llitehcock,  830  {pro  parte) ;  Miami  County, 

B.  Oyster. 

Oklahoma.— DiBtTlct  2,  Indian  Territory,  B.  F.  Bush,  1137. 

The   following  specimens  of  the   variety   glahrifolia  have   been 
Amined : 

Connecticvt. — Middlesex  County,  8.  B.  Buckley,  September,  1835;  New  Haven 
ranty,  Rohhins. 

Pcniwi/Zrania.— Philadelphia  County,  8.  8.  Van  Pelt,  July  10,  1908. 
Maryland. — Prince  Georges  County,  H,  U.  Bartlett,  1873. 
Tennessee. — Haywood  County,  8.  M.  Bain,  321. 

Missouri, — Boone  County,   F.  P.  Baniels,  June,  1903;   Cass  County,   O.   C. 
roadhead,  June,  1865;  Jasper  County,  B.  F.  Lutman,  August  1,  1901,  and  E.  J. 
Umer,  832;  Saline  County,  William  Trelease,  June  23,  1SS6. 
Kansas. — Cherokee  County,  A.  8.  Hitchcoek,  830  (pro  parte). 
Arkansas. — St.  Francis  County,  William  Trelease,  August  20,  1897 ;  Sebastian 
6nnty,  J.  M.  Bigeltyw,  in  1853-54. 

Texas. — Harris  County,  J.  F.  Joor,  June  20,  1877 ;  Upshur  County,  J.  Rever- 
^,  2497  and  4033. 

4.  Dioscorea  htrticavlis  Bartlett.**     Rhizome  less  than  1  cm.  in 
liameter,  simple  or  rarely  forked,  nearly  straight,  bearing  short  lat- 

*Dioscorea  hirticaulis  sp.  nov.  Rhizoma  horizontale,  plerumque  simplex  vel 
^10  furcatum,  usque  ad  50  cm.  longum,  crassitudlne  ca.  8  mm.;  ramulls  panels 
iterallbus  abortivls  quam  rhizoma te  multo  tenuioribus,  0.5-2  cm.  longis; 
*tiUam  cicatricibus  saepe  Inter  se  10-12  cm.  distantlbus  saepe  binis  trinisve 
ipproximatis.  Caulls  gracilis  scandens  flexuosus  2-3-metralis,  hirtellus.  Folia 
^fima  3  verticillata  vel  propinqua,  superne  altema,  Inminis  cordatis  7-9  nervils, 
^Q^  glabris  subtus  griseo-pubescentibus,  margine  saepissime  repandis ;  petiolis, 
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eral  branches  of  2  to  3  mm.  diameter.  Stem  1  to  3  m.  long,  flexuoas. 
weak,  pubescent.  Leaves  all  alternate,  or  the  three  lowest  verticillaie 
or  subapproximate,  griseous-pubescent  beneath  and  also,  though  not  | 
so  densely,  on  the  apex  of  the  petiole.  Staminate  inflorescence  soli- 
tary in  the  leaf  axils  of  the  upper  half  of  the  stem,  the  lowest  simple 
or  with  one  branch,  the  others  increasingly  paniculate.  Pistillate  in- 
florescences developing  from  1  to  4  fruits,  which  are  about  2  cm.  long. 

Dioscorea  hirticaulis  is  probably  confined  to  the  region  of  the  fall 
line  and  to  the  Coastal  Plain,  for  no  stations  are  known  farther 
inland.  As  it  occurs  about  Thomson,  Ga.,  it  is  confined  to  the  brandi 
swamps,  where  its  long  rhizomes  run  horizontally  barely  beneath  the 
surface  of  the  black  muck  soil.  The  only  other  Dioscorea  of  the 
region,  D.  quaternata^  with  which  it  shows  not  the  least  intergwda- 
tion,  has  a  totally  different  habitat. 

Specimens  examined : 

yorth  Carolina. — Cumberland  County,  Btitmore  Herb.,  364  b. 
South  Carolina. — Berkeley  County,  H.  W.  RaveneL 
Georgia.— McDume  County,  H.  H.  Bartlett,  1468. 

5.  Dioscorea  floridana  Bartlett.**  Rhizomes  unknown.  Stem  fleiu- 
ous,  twining.  Leaves  alternate,  entirely  glabrous,  green  above,  paler 
beneath.  Staminate  inflorescences  paniculate,  terminating  the  stem 
and  also  fasciculate  by  twos  and  threes  in  the  upper  leaf  axils,  the 
larger  axillary  inflorescences  sometimes  40  cm.  long.  Pistillate  in- 
floresc^ences  solitary,  6. to  7  flowered.  Fruits  about  2  cm.  long,  similar 
in  shape  to  those  of  D.  paniculata. 

This  species  is  very  clearly  distinguished  from  our  other  species 
by  the  position  of  the  staminate  inflorescences.  In  material  collected 
by  Mr.  Harper  in  Georgia  the  larger  inflorescence  of  an  axillarr 
fascicle  exceptionally  bears  one  or  two  leaf-like  bracts.    As  at  the  end 

praecipue  ad  apicem  versus,  hirtellis.  Inflorescentlae  masculae  solum  in 
foliorum  axillis  superiorum  positae,  densiflorae,  icferiores  vix  ramosae,  sd- 
I)eriores  panlculatae;  pedunculo  perbrevi  ramulisque  sub  lente  pobescentibos, 
alato-angulatis.  Perigonium  6-partitum  immaculatum.  Stamina  6,  filameotis 
])erbrevibus;  antberls  blfido-didymis.  Spicae  femineae  solltariae  1-4  florae: 
eapsulis  circumscriptione  obcordatis  2  cm.  longis,  aetata  castaneis.  Semint 
fusca.— //.  W.  Ravenel,  "  Santee  Canal,  South  Carolina  "  (S);  H,  H.  BartktU 
1468,  "  Branch  swamp,"  McDuffie  County,  Georgia,  September  18,  1908  (  9 ). 

<*  Dioscorea  floridana  sp.  nov.  Rhizoma  ignotum.  Caulis  scandens,  fiexnosos, 
glnber.  Folia  cordata,  altema,  utrinque  glabra,-  supra  virldia,  subtus  pallidion, 
T-norvia,  nervis  exterioribus  bifurcatis.  Inflorescentlae  masculae  iianiculi- 
fornios  et  cauleni  terminantes  et  binis  trinisve  in  foliorum  axillis  superiorum 
fasciculatae;  floribus  aut  singulis  ant  binis  sessilibus,  yalde  flavls,  macolatis; 
stamlnlbus  baud  didymis.  Spicae  femineae  pendulae,  solltariae,  ca.  6-flone. 
Capsiilao  forma  els  D.  paniculatae  similes,  ca.  2  cm.  longae. — ^"  Moist  thickets 
Uike  City,  Fla.,"  P.  H.  Kolfs,  266  (  ^  ),  June  18,  1894;  Charleston,  S.  C  in 
Herb.  Bost  Soc.  Nat.  Hist.  (  $  ). 
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P  the  stem,  however,  the  transition  from  leaves  to  subulate  bracts  is 
>t  gradual  but  sharp. 
Specimens  examined : 

South  Carolina, — Charleston  County  (8i>Eiclmen  in  Herb.  Boat.  Soc.  Nat.  Hist.). 
Georgia. — Jefferson  County,  M,  H,  Hopkins,  91 ;  Sumter  County,  R,  M,  Harper, 
(S9. 

Florida.— Columbia  County,  P.  H.  Rolfs,  266 ;  Escambia  County,  A.  H,  Curtiss, 
1885. 

THE  DBUG  DIOSCOBEA. 

According  to  Mr.  C.  G.  Lloyd  the  rhizome  of  Dioscorea  was  first 
nought  to  the  attention  of  "  botanic  physicians  "  by  Dr.  J.  L.  Rid- 
ell  <*  in  1835,  although  before  that  time  it  had  been  used  more  or  less 
s  a  "secret  remedy."^  Riddell's  account  of  the  plant,  which  was 
opied  in  part  by  mont  subsequent  writers,  was  as  follows : 

1501.  Dioscorea  villosa,  Ltnn.  Yam  root.  China  root.  May-Juno.  Yellow- 
rhite.  Climbing  vine,  6  to  12  f.  Root  woody,  tortuous,  echlnate.  Open  woods. 
k>ttoin  lands.  Western  States.  An  infusion  of  the  powdered  root  Is  to  be  boiled 
1  a  pint  of  water,  and  half  of  It  given  at  once.  •  ♦  •  i  have  been  informed 
bat  Doctor  Miller,  of  Neville,  Ohio,  values  the  tincture  highly  as  an  expectorant. 
le  says  it  is  also  diaphoretic,  and,  in  large  doses,  emetic." 

In  1836,  a  year  later,  William  Ilance*^  published  a  much  fuller 
iccount  of  Dioscorea,  which,  on  account  of  the  evidence  it  affords 
■egarding  the  identity  of  the  species  used  at  that  time,  is  here  quoted 
n  full : 

DioscoBEA  VILLOSA.  Common  names — Yam  root,  China  root. — This  plant  is  a 
:wining  and  climbing  vine,  resembling  in  pome  respects  the  morning  glory.  The 
t)ot  is  of  a  most  singular  tortuous  form,  of  a  woody  consistence,  with  numerous 
iplny  protuberances.  It  Is  perennial,  and  doubtless  endures  a  greater  number  of 
rears  than  the  roots  of  most  plants  of  similar  habits.  The  sprangles  are  usually 
Dear  half  an  inch  in  thickness,  and  the  whole  root  in  favorable  situations  is 
)ften  found  to  weigh  half  a  pound.  The  stem  Is  a  climbing  annual  vine,  winding 
around  small  shrubs,  and  insinuating  itself  among  brambles,  often  attaining 
the  height  of  6  or  8  feet.  Near  the  ground  the  leaves  usually  api)ear  in  ver- 
ticUIate  clusters,  or  whorls,  varying  In  number  from  two  to  eight  or  more  in  a 
bunch,  dependent  on  the  luxuriance  of  the  soli.  Higher  up  the  leaves  are  alter- 
nate. They  are  always  on  pretty  long  footstalks  and  of  the  form  of  a  heart,  with 
the  point  acute  and  turned  to  one  side;  commonly  roundish  as  well  as  cordate 
and  nearly  2  inches  across.  Almost  always  you  may  count  Just  nine  nerves 
or  portions  of  framework,  proceeding  from  the  base  toward  the  apex.  The 
flowers  show  themselves  in  May  and  June;  thej'  are  very  small  and  white, 
arranged  on  little  stems  which  come  out  Just  above  the  leaves.  The  seeds  are 
triangular,  some  like  buckwheat,  though  four  times  as  large,  with  wings  at  the 
angles.  The  yam  root  grows  plentifully  in  the  Western  States,  delighting  In 
fertile  hillsides,  thickets,  and  oiien  woods. 


«A  Synopsis  of  the  Flora  of  the  Western  States  (1S35). 

*  See  Transactions,  N.  Y.  State  Eclectic  Medical  Society,  for  1870.     D.  E.  Smith, 
"Dioscorea." 
« Howard's  Botanic  Medicine,  ed.  3  (1836),  11,  p.  240. 
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An  infusion  of  the  root  is  a  valuable  remedy  in  bilious  colic.  An  ounce  of  te 
powdered  root  must  be  boiled  in  a  pint  of  water,  and  half  of  it  given  at  i 
dose.  ♦  ♦  ♦  I  have  been  informed  that  Doctor  Miller,  of  NeviUe,  Ohio,  nioii 
the  tincture  highly  as  an  expectorant.  He  says  it  is  also  diaphoretic,  and  m 
large  doses  emetic. 

For  the  introduction  of  the  dioscorea  into  this  wovk.  we  are  indebted  to  ^ 
kindness  of  our  friend.  Dr.  J.  L.  Riddell.  He  has  not  informed  us  upon  viat 
principle  it  is  supposed  to  afford  relief  in  bilious  colic,  whether  as  an  anodtjr^d 
cathartic,  or  some  other.  We  have  no  doubt,  however,  of  its  value  in  this  coa- 
plaint,  and,  at  the  same  time,  think  it  highly  probable  that  further  investigati« 
will  disclose  its  usefulness  In  other  diseases. 

It  will  be  observed  that  the  plant  described  by  both  Riddell  tod 
Hance  was  Dioscorea  glauca  Muhl.  The  description  of  the  rhizome  tj 
"  singularly  tortuous,  with  numerous  spiny  protuberances  ^  vA 
"  sprangles  usually  near  half  an  inch  in  thickness,''  and  of  the  leava| 
as  "  verticillate,  from  two  to  eight  in  a  buncli,"  leaves  no  doubt  coii: 
cerning  the  plant  which  they  used.  In  this  connection  it  should  fai 
observed  (see  fig.  2)  that  D.  glauca  occurs  in  southern  Ohio,  wh«« 
Riddell  might  have  observed  it.  By  the  time  King «  published  Ifl 
Dispensatory,  however,  one  of  the  species  with  slender  rhizomes  hi4 
come  into  use  in  eclectic  medical  practice.  King's  description  in* 
eluded  characters  of  two  or  three  species  and  was  obviously  compiM 
from  earlier  authors.  The  rhizome,  however,,  he  undoubtedly  daj 
scribed  from  his  own  knowledge  of  it  as  "  long,  woody,  contorted,  froBi 
an  eighth  to  a  fourth  of  an  inch  in  diameter."  He  doubtless  used  D* 
paniculata.  This  species  was  also  used  by  W.  S.  Merrell  in  the  prep* 
ration  of  his  "  dioscorein,"  and  at  that  time  (about  1850)  was  th 
only  plant  recognized  by  the  eclectic  school  as  ^^  Dioscorea  inUosa. 
It  must  be  remembered,  however,  that  the  "Z>.  vUldsa ''  of  "  Howard^ 
Botanic  Medicine"  was  D,  glauca.  The  history  of  dioscorea  be- 
tween 1850  and  1880  can  not  be  better  outlined  than  by  quoting  from 
Mr.  C.  G.  Lloyd's  article  in  the  Supplement  to  the  eighth  edition  oi 
King's  Dispensatory.*  In  order  to  make  the  quotations  intelligible  thi 
"  Plate  VII,"  which  is  referred  to,  is  here  reproduced  as  figure  4 : 

The  rhizoma  of  Dioscorea  viJloaa  is  a  favorite  therapeutical  agent  amom 
our  eclectic  physicians,  who  have  advantageously  used  It  for  more  tiutn 
forty  years.  It  is  Ivnown  as  wild  yam  and  colic  root.  The  first  specimen 
employed  were  from  the  Dioscorea  viJlosa,  with  pubescent  leaves  (fli:^  Z 
PI.  VII),  now  known  as  the  "true  wild  yam."  About  the  j^ar  1850  botanic 
dru5?gists  noticed  the  admixture  by  root  diggers  of  the  rhlzomata  represented 
by  flpnre  1.  Plnte  VII,  and  for  a  considerable  time  rejected  it  as  an  adultoatioL 
The  dippers  insisted,  however,  that  both  "roots"  were  obtained  from  vba 
almost  identical  in  appearance  (although  they  can  distinguish  between  tiian)* 
and  finally  purchasers  were  compelled  to  accept  them,  more  esi>ecially  as  the 

<»American  Eclectic  Dispensatory  (1854),  p.  440. 

^  Supplement  to  the  American  Dispensatory,  by  John  King  and  Jolm  Uri 
Lloyd  (1880),  pp.  81-83. 
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oe  rblxomata  became  very  scarce.    Mr,  H.  M.  Merrell,  of  Cincinnati,  Ohio, 
ivhom  we  are  indebted  for  this  Informstion.  BtatCH  tha^  the  flret  heavy  ahlp- 
eats  of  the  false  "wild  yam  root"  to  eai^tern  houses  were  made  about  1860, 
hicta   article  purchasers  refused   to  accept,  but  after  some  correspondence, 
lupled  with  the  fact  tliat  the  true  wild  yam  could  not  at  that  time  be  obtained, 
.e  parties  concluded  to  receive  It    Since  then  the  two  rhlzomata  have  been 
lid  indlBcrlmlnntely,  although  but  little  of  the  original  drug  Is  to  be  found  JD 
«   market.    £k;lectic  physicians  are  aware  of  the  difference  between  tbese 
ilzomatn   and  refuse  to  use  the   "false"   vartety.   Insisting  that  it  doea  not 
Mseas  tbe  medicinal  properties,  and  can  tiot  Eafely  be  substituted  for  the 
true."     In  this  connec- 
aa   n^e  Invite  attention 
I  the   accurate  engrav- 
igs  of  each  variety  of 
le    rhlzouatn    la   Plate 
II.     (See  eg.  4.] 
Tbe  rhtzoma  of  Dios- 
trra    tilloaa    (Pi.    VII, 
g.  2)  appears  In  market 
I    slender    contorted 
leces  from  one-fourtb  of 
a  Incb  to  bnlf  an  Incb 
1  diameter,  and  often  2 
»t  in  lenglb.    It  la  oval,     , 
dng  fiiittened  above  and 
elow   OS  it  creeps  in   a 
Drizontul     position     be- 
ntb  the  surface  of  tbe 
round.    It  seldom  throws 
mt  branches,  but  occa- 
lonally    tittle    protuber- 
lacee    project    from    Its 
Idea,    being    from    one- 
dghth  of  an  Inch  to  an 
nch  In  length  and  about 
me-third     as     large     In 
Uameter  as  the  primary 
Aizmna.  They  are  round- 
tag    at     the    extremity, 
lad  seem  to  Indicate  an 
tttortlve  attempt  of  the 
thiioma     to    throw    out 
bnacbea,    but    they    do 
DM  send  up  the  vine.    Along  tbe  upper  Aide  of  tbe  rblzoma  are  stem  scars,  which 
ire  about  three-fourths  of  an  Inch  apart.    The  epidermis  Is  brown,  thin,  and 
■stes  off,  more  or  less,  upon  drying,  especially  when  the  rblzoroa  Is  gathered  In 
tbe  R[irlng,  but  which  Is  not  the  case  witb  a  Kood  quality  of  it  when  dug  lu 
intnmn.     The  Internal  color  of  tbe  dry  rblzoma  Is  whitish,  or  slightly  straw 
wiored,  when  gathered  in  tbe  autumn,  but  It  Is  often  brown  when  collected  early 
b  the  seaBon ;  there  is  no  bark  to  It    Under  a  magnifying  glass  the  texture  of  a 
brofeen  rblzoma  appears  mealy  and  perforated  with  numerous  woody  bundles. 
Attactied  to  the  lower  part  of  the  rblzoma  an  abundance  of  strong,  wirelike  fibers 
jWlll  be  obsen-ed.    •    •    •    Dioscorea  villo»a  has  one  of  the  firmest  of  rblzo- 
I       189 
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pubt'Bcont  beneath,  and   figures  6  and  7,   illustrating   rhizomes  fJ 
D.  paniciilata  and  its  variety  glahiifoUa. 

When  Dioseorea  glaiica  grows  at  low  altitudes  its  rhizome  is  les 
branched  and  contorted  than  when  it  grows  in  the  mouDtains.  Ib 
the  vicinity  of  Washinfrton,  D.  C,  its  rhizome  is  often  as  tinbrancbed 
as  the  rhizome  of  />.  quatemata,  and  might  be  mistaken  for  th« 


sjx'oies,  iiiit  its  greater  diameter  still  suffices  to  distinguish  it  fnini 
D.  panifididd.  The  form  of  rhizome  which  occurs  most  frequently 
in  the  drug  trade  at  the  present  time  is  well  illustrated  by  figure  8. 
Tliis  particular  specimen  was  obtained  throujih  the  kindness  of 
Mr.  K.  W.  Proctor,  of  Cincinnati.  Ohio.  As  a  general  rule,  collectors 
of  Dio^'co^ea  who  supply  the  drug  market  do  not  distinguish  between 
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le  different  kinds.  The  same  common  names  are  used  for  all  of  Hie 
>ecies.  Wild  yam  is.  the  name  nsed  over  the  largest  area.  The 
allowing  names  have  also  been  reported  by  correspondents  of  the 


Department  of  Agriculture:  Colicront.  rhiiuiniol,  devilVbones 
(North  Carolina) ;  hobs-grub  {Tcnnt-sscc) ;  niflk'box,  craniproot 
(Kentucky). 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  op  Plant  Industry, 

Office  of  the  Chief, 

Washington,  D,  C,  July  2, 1910, 

Sir:  I  have  the  honor  to  transmit  and  to  recommend  for  publication 

5  accompanying  manuscript,  entitled  * '  Orchard  Green-Manure  Crops 

California,'*  by  Mr.  Roland  McKee,  Scientific  Assistant  in  the 

Bee  of  Forage-Crop  Investigations,  and  recommend  its  publication 

Bulletin  No.  190  of  the  Bureau  series. 

Leguminous  cover  crops  are  now  extensively  used  in  California 

nis  orchards,  but  only  to  a  slight  extent  in  deciduous  orchards. 

nng  to  peculiar  conditions  certain  legumes  are  especially  adapted 

'  use  in  that  State,  while  their  usefulness  elsewhere  is  limited. 

Hie  results  presented  in  this  bulletin  are  based  on  the  investiga- 

(Ds  that  have  been  conducted  at  Chico,  Cal.,  and  in  cooperation 

th  many  orchardists  for  the  past  five  years. 

•Respectfully, 

G.  H.  Powell, 

Acting  Chi^  of  Bureau. 

Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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INTBODXTCTION. 

The  use  of  green-manure  crops  for  the  maintenance  of  soil  fertility 
»  one  of  the  oldest  of  agricultural  practices.  In  California  such 
rops  have  been  used  in  a  limited  way  for  a  long  time,  yet  it  is  only 
^thin  recent  years  that  their  practical  value  has  become  fully  recog- 
dzed.  The  growing  of  these  crops  has  attained  its  greatest  develop- 
aent  in  the  citrus  orchards  of  the  southern  part  of  the  State,  where 
hey  have  been  longest  used. 

As  far  back  as  the  early  nineties  some  of  the  more  progressive 
irchardists  were  beginning  to  realize  the  necessity  of  some  such  prac- 
ice  as  green  manuring  and  to  this  end  utilized  the  natural  growth 
)f  bur  clover  and  other  weeds,  such  as  alfilaria,®  brome-grasses,  etc. 
[he  Canada  field  pea  was  the  first  of  the  legumes  to  be  used  exten- 
dvely  as  a  green-manure  crop,  and  by  1900  it  was  being  quite  gen- 
arally  grown  in  the  citrus  orchards  of  the  southern  part  of  the  State. 
Donxmon  vetch  and  bur  clover  were  also  being  utilized  at  this  time. 

In  many  parts  of  California,  green-manure  crops  have  not  been  used 
to  any  extent,  but  not  entirely  without  reason.  That  their  use  can 
be  made  much  more  general  than  at  present  is  quite  certain,  and  as 
their  value  is  more  fully  appreciated  and  their  adaptation  to  the 
various  sections  demonstrated  their  use  will  be  proportionately 
increased. 

For  a  number  of  years  the  Bureau  of  Plant  Industry  has  been  work- 
ing to  secure  better  crops  for  green  manuring  than  the  ones  now  used 
and  to  aid  in  the  demonstration  of  the  adaptability  of  the  ones  now 
being  grown.  The  Agricultural  Experiment  Station  of  the  Uni- 
versity of  California  has  also  done  extensive  work  in  demonstrating 
the  value  of  various  green-manure  crops  in  that  State. 

In  California  the  work  of  the  Bureau  of  Plant  Industry  has  been 
carried  on  in  cooperation  with  orchardists  and  farmers  throughout 
the  various  sections  and  at  the  United  States  Plant  Introduction 
Garden  at  Chico,  where  extensive  tests  have  been  made.  This  work 
has  clearly  indicated  the  superiority  of  certain  crops  over  others  and 

their  adaptation  for  varying  purposes  and  conditions. 

o  Known  also  as  alfilerilla  and  pin-grass. 
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THE  ORCHARD  DISTBIOTS  OF  CALIFOBNIA. 

The  orchard  districts  of  Califoniia  so  far  as  green-manure  crops 
are  concerned  at  once  divide  themselves  into  the  citrus  and  the 
deciduous  fruit  districts.  These  are  again  readily  divided  into  the 
northern  and  southern  citrus  districts  and  the  irrigated  and  noniiri- 
gated  deciduous  sections. 

The  two  citrus  districts  have  a  definite  geographical  distinction, 
while  with  the  deciduous  orchards  water  is  the  differentiating  factor, 
without  reference  to  any  geographical  distinction.  The  citrus  dis- 
tricts are  quite  definite  in  area.  >  The  southern  district  is  confined  to 
what  is  known  as  southern  California  proper  and  includes  the  territoiy 
south  of  the  Sierra  Madre  Mountains  and  north  along  the  coast  to 
Santa  Barbara.  The  northern  district  includes  a  narrow  strip  on  the 
east  side  of  the  San  Joaquin  Valley  from  some  distance  south  of 
Porterville  to  Lemoncove,  Tulare  County,  on  the  north;  a  similar 
but  smaller  area  in  Fresno  County;  a  small  area  in  the  Sacramento 
Valley,  centering  about  Oroville  and  Palermo;  and  various  small 
areas  in  other  parts  of  the  valleys  and  foothills. 

Conditions  with  regard  to  water,  soil,  climatic  or  seasonal  varia- 
tions, etc.,  are  quite  different  in  these  various  sections,  and  the  plant 
best  suited  to  a  certain. area  must  be  carefully  considered  in  deter- 
mining the  probability  of  success  with  a  green-manure  crop.  Prac- 
tices satisfactory  in  one  locality  may  be  unsuited  to  another,  and  the 
crop  best  adapted  to  one  section  may  not  be  adapted  to  another. 

SOUTHEBN   CrrBUS   SECTION. 

The  seasonal  conditions  of  the  southern  citrus  section  are  such  as 
to  make  this  the  most  favorable  part  of  the  State  for  growing  green- 
manure  crops.  The  locaUty  and  climatic  conditions  are  such  that 
these  crops  are  practically  never  injured  by  frosts,  and  the  mild 
winters  favor  vegetative  growth  at  that  time  of  the  year. 

In  contrast  with  the  deciduous  sections,  where  there  is  usually  a 
heavy  rainfall,  here  the  rainfall  is  usually  light.  However,  as  irriga- 
tion is  given  throughout  the  dry  season  the  conditions  are  favorable 
to  the  sowing  of  a  green-manure  crop  early  in  the  fall,  thus  giving 
sufficient  time  for  considerable  growth  before  the  cold  w^eather  of 
winter. 

The  soils  vary  considerably  in  composition  and  mechanical  texture, 
but  as  a  general  rule  are  of  such  a  nature  as  to  permit  working  at 
almost  any  time  during  the  winter,  except  after  heavy  rains,  thus 
favoring  the  turning  under  of  a  green-manure  crop.  While  some 
soils  in  this  section  are  a  rich  loam  and  contain  considerable  organic 
matter,  as  a  rule  they  are  quite  deficient  in  this  respect.  That  green 
manures  need  to  be  more  extensively  used  is  evident. 
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NORTHERN   CITRUS   SECTION. 

The  northern  citrus  section,  as  previously  stated,  comprises  a  small 
egion  in  the  San  Joaquin  Valley,  centering  about  Porterville  and 
Sxeter,  and  a  smaller  section  in  the  Sacramento  Valley,  centering 
bout  Oroville  and  Palermo,  besides  small  areas  in  various  parts  of 
he  valleys  and  foothills  of  the  State.  The  conditions  in  this  district 
iffer  very  much  from  the  conditions  in  the  southern  CaUfomia  dis- 
rict,  and  in  these  differences  is  found  the  reason  why  green-manure 
rops  have  been  but  little  used. 

The  seasonal  conditions  at  the  north  while  favorable  to  the  growth 
f  green-manure  crops  are  less  favorable  for  their  handling.  The 
ainy  season  is  quite  definite,  extending  through  January  and  Feb- 
uaiy ,  and  sometimes  into  March.  The  soil,  which  is  heavy,  dries  out 
lowly  during  the  winter  season,  often  making  it  impossible  to  get 
ato  the  orchard  to  turn  under  a  crop  at  the  proper  time.  Thus,  when 
he  season  for  turning  under  is  delayed,  a  heavy  vegetative  growth  is 
ibjectionable  in  that  it  makes  the  land  hard  to  work  and  at  the  same 
ime  by  shading  prevents  it  from  drying  out  to  allow  of  cultivation 
\a  early  as  otherwise  would  be  the  case.  The  soils  throughout  the 
lorthern  district  are  with  few  exceptions  of  the  very  heavy  nature 
eferred  to,  and  for  this  reason  a  heavy  vegetative  growth  is  often  a 
dndrance  to  proper  handling.  While  the  immediate  effects  of  a 
pneen-manure  crop  may  be  undesirable,  there  is  but  little  question 
hat  these  lands  need  to  be  made  lighter  by  the  addition  of  humus, 
Old  results  that  appear  at  the  time  as  unfavorable  can  well  be  toler- 
ated when  the  ultimate  effect  will  be  an  improved  condition. 

Green  manures  have  been  used  but  little  in  the  northern  citrus 
ection.  However,  the  results  from  a  few  plantings,  together  with 
he  experimental  work  done,  clearly  show  that  by  early  seeding  a 
50od  green-manure  crop  can  be  grown  and  in  most  cases  can  be 
)rofitably  used. 

DECIDUOUS   ORCHARD   SECTIONS. 

While  the  deciduous  orchards  are  scattered  throughout  the  State 
)f  California  they  are  largely  in  the  northern  part  and  are  mostly 
located  on  the  fertile  lands  of  the  various  river  valleys. and  the  low 
[oothills.  Green-manure  crops  have  not  been  used  to  any  extent  in 
these  orchards,  and  practically  the  only  thing  approaching  such  a  crop 
b  the  volunteer  growth  of  bur  clover,  which  is  usually  sufficient  by 
the  time  the  orchards  are  plowed  in  the  spring  to  yield  considerable 
humus. 

The  problem  of  growing  a  green-manure  crop  in  deciduous  orchards 
is  quite  different  from  that  of  growing  the  same  crop  in  citrus 
orchards.     This  difference  lies  principally  in  the  fact  that  the  former 
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are  not  irrigated,  or  if  water  is  applied  it  is  early  in  the  summer,  and 
not  in  the  fall  when  it  could  be  utilized  in  starting  the  crop. 

Winter  rains  must  be  depended  upon  to  germinate  seed  sown  in  the  j 
fall,  and  only  in  the  most  favorable  seasons  are  they  early  enough  to 
allow  much  growth  before  cold  weather.     When  the  first  rains  come 
late,  but  little  growth  is  made  by  fall-sown  seed  until  the  wanner 
weather  of  the  latter  part  of  winter  or  early  spring.    Thus,  onlj  in 
the  most  favorable  years  will  the  growth  be  sufficiently  early  to 
allow  its  utilization  for  green  manure.     Where  water  is  available  for 
fall  irrigation  the  question  ceases  to  be  one  of  the  possibility  of  grow- 
ing a  good  green-manure  crop  and  becomes  one  of  the  returns  justify- 
ing the  expense. 

CONDITIONS  TJNDEB  WHICH  OBEEN-MANTTBE  CBOPS  SHOULD  HOI 

BE  USED. 

There  are  some  sections  in  which  green-manure  crops  can  be  grown 
satisfactorily,  but  their  utility  nevertheless  seems  questionable.  This 
is  especially  true  in  lemon  orchards  having  a  very  heavy  soil,  and  to 
a  less  degree  in  orange  orchards.  By  a  heavy  soil  is  not  meant  t 
heavy  loam,  but  an  adobe  or  a  soil  approaching  that  texture.  On 
such  soils  the  discontinuance  of  cultivation  which  is  necessitated  by 
the  growing  of  a  green-manure  crop  allows  the  soil  to  become  quit* 
hard  and  packed,  thus  permitting  very  imperfect  aeration.  This  b 
a  most  undesirable  soil  condition  to  maintain  during  a  period  of  sev- 
eral months,  and  its  injurious  effects  may  be  seen  in  the  unthriftr 
appearance  of  the  trees.  Where  this  effect  is  very  marked  it  is 
undoubtedly  best  not  to  use  a  green  manure,  but  to  use  stable  manure 
instead,  if  such  is  available. 

In  the  Porterville  and  Oroville  citrus  districts,  where  the  soils  art 
quite  generally  of  a  heavy  type,  the  foregoing  statement  does  nol 
apply  as  definitely  as  in  the  southern  California  districts.  This  is 
due  to  seasonal  differences.  The  trees  in  the  two  former  sections 
have  a  more  nearly  dormant  period  of  growth  during  the  early  ^in*! 
ter  than  those  in  the  latter,  in  which  case  the  effect  of  noncultivatioftj 
is  not  so  marked.  Where  on  account  of  heavy  soils  it  is  not  advisahlaj 
to  grow  a  green-manure  crop,  stable  manure,  if  available,  should  to 
used  in  lightening  the  soil. 

QUALITIES  DESntABIiE  IN  A  GBEEN-ICANXJBE  CBOP. 

No  one  plant  possesses  all  the  desirable  qualities  of  an  ideal  green* 
manure  crop.  However,  in  the  various  crops  used  for  such  pu^ 
poses,  practically  all  the  desirable  qualities  are  represented,  though 
varying  in  degree.  The  conditions  under  which  a  green  manure  is  to 
be  grown  determine  to  some  extent  whether  a  certain  quality  ^ 
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esirabie  or  objectionable  and  must  be  taken  into  consideration  in 
electing  the  best  crop  to  grow. 

A  green-manure  crop  should  be  a  legume  wherever  possible,  in 
rder  to  obtain  the  addition  of  nitrogen  to  the  soil.  It  is  also  neces- 
wy  that  a  good  growth  be  made,  in  order  to  have  a  large  quantity  of 
rganic  matter  to  turn  under  and  incorporate,  with  the  soil.  Along 
ith  good  growth  should  be  a  heavy  development  of  nodules  on  the 
>ots,  as  this  is  believed  to  indicate  great  ability  to  fix  atmospheric 
itrogen. 

The  quality  of  being  able  to  stand  trampling  with  a  minimum  of 
ijury  is  very  important  where  the  crop  will  be  subject  to  such  injury, 
B  is  the  case  in  citrus  orchards  where  the  picking  of  fruit  takes 
lace  while  the  green-manure  crop  is  yet  growing.  Uprightness  and 
entwining  stems  are  also  desirable  where  an  ordinary  moldboard 
low  is  depended  upon  for  turning  under  the  crop.  However,  if  a 
isk  plow  is  used  or  the  crop  is  worked  in  with  an  ordinary  disk 
arrow,  this  does  not  make  so  much  difference,  and  where  the  growth 
\  not  allowed  to  become  too  rank  little  difficulty  is  experienced  in 
lowing  it  under. 

The  texture  of  the  stem  should  be  such  as  to  decompose  readily, 
^ractically  all  crops,  however,  if  turned  under  at  the  right  stage  of 
rowth  decay  readily.  Thus,  the  question  of  decomposition  is  one  of 
aming  under  the  crop  at  the  right  time  rather  than  one  of  selecting 

crop  that  will  decay  readily. 

That  the  cost  of  a  green  manure  may  not  be  too  great,  it  is  neces- 
uy  that  the  price  of  seed  be  reasonable  as  compared  with  the  results 
obe  obtained. 

METHODS  OF  HANDLING  GBEEN-MANTJRE  CBOPS. 

The  methods  of  handling  green-manure  crops  in  California  are 
uite  similar  throughout  the  various  sections.  However,  some  vari- 
tion  in  practice  exists  among  orchardists  in  the  same  neighborhood,  as 
rell  as  among  those  of  different  locaUties. 

The  following  methods  are  practiced  in  the  citrus  and  walnut 
rchards  of  the  southern  part  of  the  State,  where  green  manures  have 
wen  most  generally  grown. 

PREPARATION   OF   THE   LAND. 

Since  clean  culture  is  practiced  throughout  the  year  in  citrus  and 
ralnut  orchards  except  when  a  green-manure  crop  is  being  grown, 
ihe  land  can  be  prepared  at  any  time  for  the  seeding  of  such  a  crop. 

The  general  practice  is  to  prepare  the  land  for  seeding  by  plowing 
*  disking  and  harrowing  immediately  after  an  irrigation.  This  puts 
the  land  in  good  condition  for  the  seeding. 
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SEEDING. 

The  most  successful  growers  of  green-manure  crops  sow  vetch  md 
bur  clover  in  the  first  half  of  September,  and  peas  during  the  latur 
half  of  the  same  month.  Early  seeding  is  being  much  more  genmSr 
practiced  now  than  it  was  a  few  years  ago,  when  the  greater  put  of 
the  crop  was  sown  in^October.  The  time  of  irrigation  of  an  orchard 
determines  to  some  extent  when  a  green-manure  crop  shall  be  sown, 
as  wateir  is  not  always  available  at  the  time  desh^.  HoweTer, 
when  water  is  available  the  time  mentioned  is  that  most  geDeraUr 
favored  for  irrigation. 

The  seed  is  sown  either  drilled  or  broadcast  and  harrowed  in. 

IRBIOATION. 

After  the  seed  is  sown  and  before  it  germinates,  the  land  is  pi 
for  fall  or  winter  irrigation  if  necessary.    The  furrow  method  it  I 
one  most  commonly  .used.    This  consists  in  making  a  numl 
shallow  furrows  between  the  rows  in  the  direction  the  water 
flow,  the  method  varying  in  different  sections  and  with  the  lay 
land. 

The  basin  method  is  used  to  quite  an  extent  in  the  walnut 
of  the  southern  part  of  the  State  and  in  the  orchards  of  the 
Clara  Valley.** 

Nothing  further  is  done,  with  the  exception  of  irrigating  if 
sary,  until  the  crop  is  ready  to  turn  under.     When  a  crop  is 
September  it  can  be  plowed  imder  during  February. 

TURNING  UNDER  A  OREEN-MANUBE  CROP. 

In  turning  under  a  green-manure  crop  the  common  mold] 
plow  (see  fig.  1),  the  disk  plow,  or  the  disk  harrow  is  used.  In 
the  first  a  sharp  colter  is  attached,  and  where  the  vine  growtill 
heavy  a  chain  is  also  used.  Sometimes  the  land  is  run  over 
with  a  disk  harrow  before  plowing.  This  enables  a  heavy  growth  to 
be  more  completely  turned  under.  During  the  past  few  years  tin 
disk  plow  has  been  very  generally  used,  and  for  turning  under  a  heavy 
vine  growth  it  works  more  satisfactorily  than  the  moldboard  plow. 

After  plowing  imder  a  green-maniu:e  crop  the  land  is  harrowed, 
and  as  the  crop  decays  cultivation  is  given.  This  at  first  is  shallow, 
so  as  not  to  bring  the  vines  to  the  smf  ace,  but  later  a  deeper  cultivir 
tion  is  given. 

In  sections  having  a  very  open  soil  or  a  sandy  loam  the  disk  harrow 
has  been  used  very  successfully  in  turning  under  a  green-manurt 
crop.  The  use  of  this  harrow  has  been  taken  up  with  the  idea  thit 
fewer  surface-feeding  roots  of  the  trees  are  disturbed  by  its  use  th«fl 

a  See  Bulletin  145,  Office  of  Experiment  Stations,  pp.  46-dO. 
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the  case  with  the  plow,  for  which  reason  it  is  thought  by  many  to 
B  more  desirable.  In  working  a  green-manure  crop  into  the  soil 
ith  a  disk  harrow,  four  diskings  are  uauaUy  required,  each  disking, 
here  the  planting  of  the  orchard  will  permit,  being  made  at  an  angle 
ith  the  previous  one.  On  the  heavier  soils  the  disk  harrow  does  not 
ork  so  well  and  the  plow  is  used  almost  entirely. 

After  turning  under  a  green  manure  the  land  is  kept  welt  cultivated 
le  remainder  of  the  year. 

For  obtaining  the  best  results  a  green-maniire  crop  should  be 
imed  under  early  enough  in  the  season  to  allow  perfect  decomposi- 


ion.  In  orchards  this  can  be  quite  definitely  designated,  as  the 
uming  under  should  take  place  before  the  trees  start  growth  in  the 
pring.  This  means,  for  citrus  orchards  in  southern  California,  not 
Iter  than  February.  In  northern  California  the  season  is  of  neces- 
ity  a  little  later  on  account  of  the  generally  wet  condition  of  the  soil 
it  that  time.  Where  the  factors  relating  to  other  crops  and  a  season 
kvorable  to  decomposition  do  not  have  to  be  taken  into  considera- 
ion,  it  perhaps  is  safe  to  say  that  to  obtain  the  best  results  most 
e^iumea  should  be  turned  under  about  the  time  the  first  pods  form, 
r  a  little  earlier. 
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INOCULATION.  ' 

The  question  is  often  asked  whetlier  it  is  not  advisable  to  inoculat) 
seed  to  be  sown  on  land  that  has  not  previoiisly  grown  tbat  crop,  b 
California  it  has  been  found  tliat  the  bacteria  necessary  to  noduii 
formation  on  the  more  common  leguminous  crops  are  present  in  moel 
soils.  The  first  seeding  may  not,  however,  be  aa  abundantly  inoci 
lated  as  desired,  and  in  some  sections  the  bacteria  essential  to  certiii 
crops  seem  to  be  entirely  lacking  in  the  soil. 

In  northern  California  it  has  been  observed  that  horse  beans  tr 
not  iaoculate<l  the  first  3-ear  they  are  grown  on  soil  that  has  not  fW 


Flo.  2.— EiperlmeDtal  plats  at  tioisa  beans  at  Cblco,  Gal.,  showing  (he  atrlUng  superiority  of  the  ooM 

viously  grown  tliis  crop.  (See  fig.  2.)  Thus,  to  obtain  tlie  b« 
results,  it  is  necessary  to  inoculate  the  crop  the  first  year.  The  d 
ference  between  an  inoculated  and  an  uninoculated  crop  of  bor 
beans  in  the  Sacramento  Valley  is  verj'  marked  and  is  practical 
the  difference  between  success  and  failure.  In  southern  Calitorn 
this  crop  does  not  require  artificial  inoculation,  the  soil  being  inoci 
latcd. 

In  the  inoculation  of  horse  beans  the  surest  results  are  obtained  I 
securing  soil  from  an  inoculated  plat  or  field  and  mixing  this  wil 
the  seed  at  the  time  of  seeding.  In  this  way  but  little  soil  will  I 
required  to  inoculate  a  lai^e  area,  and  practically  no -extra  time  ' 
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)or  is  necessary.  The  inoculation  of  this  crop  may  also  be  attained 
spreading  inoculated  soil  over  the  field  at  the  time  of  seeding  and 
irking  it  in  with  the  seed,  or  the  seed  may  be  inoculated  with  pure 
Itures  of  the  bacteria  which  form  nodules  on  the  roots  of  this  plant, 
eh  cultures  have  been  distributed  by  this  Department  for  several 
BIS,  and  the  results  obtained  from  their  use  have  been  favorable  in 
my  cases. 

COMMERCIAL  FERTILIZERS. 

In  the  citrus  orchards  of  California  commercial  fertilizers  are  quite 
aerally  applied,  while  in  few  deciduous  orchards  are  fertilizers  used 
any  form.  Where  fertihzers  are  used  they  are  usually  applied  in 
onection  with  a  green-manure  crop. 

The  value  of  a  green-manure  crop  is  largely  due  to  the  part  it  plays 
liberating  plant  food  in  the  soil.  In  the  decay  of  organic  matter 
d  the  giving  off  of  carbonic-acid  gas,  the  action  on  phosphorus  and 
itassium  compounds  is  such  as  to  make  them  more  available  as 
ant  food.  V^etable  acids,  which  are  always  more  or  less  present 
ith  a  green-manure  crop,  also  aid  in  liberating  plant  food.     Thus, 

lents  present  in  a  soil  but  not  available  as  plant  food  may  be 

le  so  by  the  use  of  a  green  manure.* 
»m  the  facts  just  stated  it  will  be  readily  seen  that  a  green- 

mre  crop  may  serve  a  useful  purpose  when  used  in  connection 
commercial  fertilizers,  especially  where  the  various  plant-food 

Lsnts  are  only  partially  available  in  the  soil. 

?EB   GBEEN-MANTTRE   CROPS  NOW  USED   IN  CAUFOBNIA 

ORCHABDS. 

le  green-manure  crops  now  used  in  California^  in  the  order  of 
importance,  are  as  follows:  Common  vetch,  Canada  field  peas, 

clover,  fenugreek,  hairy  vetch,  and  Indian  melilot. 

)mmon  vetch  and  field  peas  are  by  far  the  most  extensively 
inted,  while  hairy  vetch  and  melilot  are  very  little  used.  Bur 
over  and  fenugreek  are  used  to  but  a  limited  extent,  although  they 
fB  of  considerable  importance. 

'  COMMON   VETCH. 

I 

The  common  or  spring  vetch  {Vicia  saliva)  is  the  most  exten- 
^ely  grown  green-manure  crop  in  California.  It  is  being  grown 
poughout  the  orchard  sections  wherever  green-manure  crops  are 
fting  used  at  all  (see  fig.  3).  It  is  adapted  to  quite  varied  con- 
jiions  and  succeeds  in  all  sections  of  the  State.  In  the  coast  sec- 
pns,  as  well  as  inland,  it  makes  a  good  growth  and  does  well  on  both 
i»  light  and  the  heavy  soils. 

oSee  E.  W.  Hileard,  Soils,  pp.  19-21,  63,  120,  and  394-396. 
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The  qualities  of  common  vetch  are  such  as  to  make  it  well  adapted 
tor  greeo-manure  purposes,  especially  in  citrus  orchards,  ud 
orchardists  in  general  are  growing  it  in  preference  to  field  peas,  whkii 
were  largely  grown  a  few  years  since. 

Common  vetch  makes  a  vinelike  growth  similar  to  that  of  peas,  but 
the  vines  are  less  succulent  and  so  are  able  to  stand  considerable  lurd  | 
usage  without  much  injury.  Thus,  in  orchards  when  picking  fruit 
and  doing  other  work,  the  trampling  which  is  unavoidable  interfens 
but  little  with  the  growth  of  the  vetch.  The  root  system,  which  is 
quite  extensive,  lies  largely  near  the  surface  and  ordinarily  is  well 
covered  with  nodulee. 


FlQ.  3.— Vl««  In  on  onnge  archvd  In  KmUieni  Csllbnili,  atUKini  etamaofD  vatch  frown  u  ■  (n<0- 

WTien  used  for  a  green-manure  in  southern  California  common 
vetch  is  usually  sown  during  September  and  the  first  half  of  October. 

However,  better  results  are  beii^  secured  with  the  earlier  seedings, 
and  in  most  years  to  obtain  the  best  results  it  is  quite  essential  thst 
the  crop  be  sown  during  the  first  half  of  September.  When  thus 
sown  the  plants  make  a  good  growth  before  cold  weather  and  continue 
to  grow  dunng  the  winter.  But  if  the  seed  is  sown  late  and  the 
plants  have  made  but  a  small  growth  before  the  cold  weather,  ther 
then  make  little  or  practically  no  growth  until  the  warmer  weather 
comes  in  the  latter  part  of  the  winter. 
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In  February,  1908,  at  Redlands,  Cal.,  which  is  representative  of  the 
?it>rus  sections,  plantings  of  vetch  made  in  September,  1907,  were  from 
L  2  to  15  inches  high  and  in  a  fine  condition  to  turn  under.  Plantings 
xkade  in  October,  1907,  from  a  month  to  six  weeks  later,  were  but 
J  inches  high.     During  the  past  season  similar  results  were  noted. 

The  rate  of  seeding  varies  from  40  to  60  pounds  per  acre.  Forty 
pounds  per  acre  has  been  more  generally  recommended,  but  the 
ixeavier  seeding  is  giving  much  better  crops  and  more  than  makes  up 
For  the  difference  in  the  cost  of  the  seed. 

Early  as  well  as  heavy  seeding  is  quite  commonly  recognized  by 
growers  as  necessary  for  obtaining  the  best  results,  and  a  deeper 
seeding  has  also  been  found  essential  where  the  plantings  are  early. 
In  northern  California  under  irrigation,  vetches  should  be  sown  about 
the  first  of  October.  They  will  then  make  sufficient  growth  to  be 
turned  under  in  February  or  March.  This  later  season  of  planting 
in  the  northern  part  of  the  State  is  desirable  in  both  citrus  and 
deciduous  orchards  on  account  of  the  heavy  winter  rainfall,  which 
does  not  permit  turning  under  the  crop  as  early  as  in  the  southern 
tion.  Later  planting  in  the  deciduous-orchard  sections  is  also 
on  account  of  the  possible  injury  from  frosts  when  an  early 
tnicculent  growth  is  made,  as  would  be  the  case  with  earlier  plantings. 

Experiments  and  observations  have  shown  that  vetch  will  make 
lyat  little  growth  by  February  or  March  when  sown  in  the  fall  without 
litigation. 

CANADA   FIELD   PEAS. 

The  field  pea  was  among  the  first  crops  tried  in  California  for  green 
4KAnuring  and  was  the  first  one  extensively  used  for  this  purpose. 
its  early  use  was  partly  due  to  the  fact  that  seed  was  readily  obtain- 
able. At  the  present  time  it  still  holds  a  prominent  place  as  a  green- 
manure  crop,  and  next  to  common  vetch  is  most  extensively  used 
(see  fig.  4). 

Like  the  common  vetch  the  field  pea  is  adapted  to  varied  conditions 
and  has  succeeded  wherever  green-manure  crops  have  been  grown. 
For  making  a  growth  during  cool  weather  there  is  no  other  crop 
known  that  equals  it;  but  it  has  other  characteristics  that  make 
it  less  desirable  for  green  manuring,  especially  in  citrus  orchards. 

The  root  system  of  the  field  pea,  which  is  very  extensive,  consists 
of  a  central  or  main  taproot  from  which  radiate  the  many  finer 
laterals.  The  roots  extend  quite  deep,  and  for  this  reason  the  crop  is 
favored  by  many  orchardists  for  breaking  up  ''plow  sole." 

The  vines,  which  are  succulent  and  tender,  are  greatly  damaged  by 
the  trampling  necessitated  during  the  harvesting  of  most  citrus  fruits; 
and  on  accoimt  of  their  making  so  much  new  growth  during  cold 
weather  they  are  often  severely  injured  by  frost.     Usually  as  the 
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plants  approacli  maturity  the  lower  portions  of  the  stems  becomt 
dry  and  wiry,  making  the  turning  under  difficult. 

Aphids,  or  plant  lice,  are  very  fond  of  peas  and  nearly  nverr  jai 
their  attacks  occasion  considerable  damage.  In  the  coast  sectiong  ot 
those  having  more  humid  conditions,  the  crops  also  suffer  seTerek 
from  the  attacks  of  mildew.  Inland,  however,  there  has  beeo  bnl 
little  injury  from  this  cause. 

While  field  peas  are  in  some  ways  objectionable  they  also  h»e 
certain  qualities  that  make  them  serve  special  purposes.  Theit 
ability  to  stand  late  fall  planting  and  still  produce  a  fair  vinttf 
growtJi  makes  them  especially  valuable  for  sucJi  tise  when  for  snj 


Via,  4.— View  la  an  oninKe  orchard  la  louthem  Callfonila.  shoirtDE  Cuutdm  Held  p«as  grovn  u  ■  gn^ 
manure  crop. 

reason  an  earlier  planting  of  other  crops  has  not  been  accomplisheu, 
but  if  sown  late  only  a  very  ordinary  crop  can  be  oxpectcd.  Whiw 
peas  may  be  planted  from  the  middle  of  September  to  the  end  oc 
November,  in  southern  California  the  best  results  are  secured  from  j 
September  plantings.  In  the  northern  part  of  the  State  the  middle 
of  October  is  better  for  planting  because  the  winter  rains  prevent  the 
crop  from  being  turned  under  until  later  in  the  winter.  When  planteJ 
early,  peas  in  the  north  are  also  likely  to  suffer  more  severely  from  , 
winter  frosts. 

Seventy  pounds  of  seed  per  acre  is  the  usual  rate  of  seeding'    | 
This  in  some  cases  gives  a  very  good  crop  but  a  thin  stand,  >m 
therefore  a  light    yield    has    been  very  noticeable  in  all  orchard 
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Bections.  At  least  80  pounds  of  seed  per  acre  should  be  used,  and 
unless  seeding  conditions  are  very  favorable  more  rather  than  less 
is  recommended. 

During  the  past  few  winters  the  general  crops  of  field  peas  and 
vetch  throughout  the  orchard  sections  of  California  have  shown 
that  peas  make  a  stronger  individual  plant  growth  than  vetch,  but 
do  not  make  as  heavy  a  yield  of  green  manure.  When  sown  during 
tlie  latter  part  of  September  the  peas  have  made  a  growth  of  from 
24  to  36  inches,  while  common  vetch  made  from  15  to  18  inches. 
This  is  representative  of  the  usual  comparative  stem  growth  of  the 
tiTv^o  crops.  In  the  citrus  orchards  of  southern  California  peas  should 
he  turned  under  early  in  February,  and  in  the  northern  part  of  the 
State  dining  the  latter  part  of  February  or  the  first  of  March. 

BUR   CLOVER. 

There  are  a  number  of  kinds  of  bur  clover,  of  which  only  two 
are  yet  much  grown  in  California,  namely,  the  common  or  toothed 
bur  clover  (Medicago  hispida  denticulata)  and  the  spotted  bur  clover 
(^Medicago  ardbica).  The  toothed  bur  clover  is  the  one  most  com- 
monly seen,  being  thoroughly  naturalized;  but  the  spotted  bur 
clover,  though  less  abundant,  grows  equally  well.  It  differs  from 
common  bur  clover  in  having  a  brown  spot  on  each  leaflet  and 
longer  and  softer  spines  on  the  burs. 

Bur  clover  makes  a  decumbent  growth,  the  stems  being  rather 
small  and  quite  succulent  when  yoimg,  but  it  withstands  considerable 
trampling.  The  roots  are  shallow  but  numerous  and  usually  have 
many  nodules.  The  crop  has  been  grown  to  quite  an  extent  for  green 
manure,  but  on  account  of  its  not  making  a  good  early- winter  growth 
its  use  will  always  be  limited.  In  orchards  where  bur  clover  has 
been  once  planted  it  will  spring  up  for  several  years.  This  is  due 
to  the  hard  seeds  that  do  not  germinate  the  first  year.  In  the  citrus 
orchards  of  southern  California  bur  clover  is  sown  at  the  same  time 
as  vetch,  which  is  during  September  and  early  October.  To  obtain 
the  best  results,  seeding  as  early  as  possible  in  September  is  advised. 
T^venty  pounds  of  seed  (hulled)  per  acre  should  be  used,  care  being 
taken  to  plant  shallow,  as  deeply  covered  seed  will  not  germinate 
but  will  hold  over  in  the  soil.  The  sowing  of  seed  in  the  bur  is  not 
recommended,  because  the  bur  delays  germination  and  occasions 
very  imeven  stands,  to  say  nothing  of  the  greater  difficulty  in  sowing. 
However,  there  is  no  longer  need  of  using  seed  in  the  bur,  as  clean 
seed  can  be  secured  in  quantity  from  western  seedsmen. 

For  use  in  deciduous  orchards  bur  clover  is  of  considerable  import- 
ance and  if  properly  handled  will  serve  a  very  useful  purpose.  At  the 
present  time  it  is  utilized  only  where  it  volunteers  as  a  weed  anc^ 
can  be  turned  under  at  the  regular  spring  plowing  of  the  orchard 
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On  account  of  the  light  growth  usually  made  by  a  greeD-mumn 
crop  sown  in  the  fall  without  irrigation,  the  expense  of  seeding  i 
crop  each  year  in  this  way  is  hardly  justified.  Through  the  use  of 
bur  clover  this  objection  can  be  overcome  by  allowing  the  crop  to 
reseed  itself  from  year  to  year.  In  this  way  with  a  little  care  bur 
clover  can  be  maintaine<l  in  an  orchard  at  small  expense.  If  in 
occasional  late  season  prevents  the  crop  from  ripening  its  seed  belon 
the  orchard  must  be  plowed,  narrow  strips  can  be  left  between  thr 

rows  to  mature,  and 
in   tliis  way  reseed- 
ing  be  accomplished. 
The    fact    that   the 
seeds  of  burcloverdo    , 
not  all  germinale  the    : 
first    year  but  hold   I 
over  in  the  soil  until    j 
the   second  or  third 
year,  or  even  longer, 
lends    to    the   ease  j 
of    maintaining  the  j 
stand .  i 

Bur    clover  is  at   ; 
present    most  com-  j 
monly   introduced    ] 
and    maintained   in 
orchards  by  the  use 
of  manure  from  d'' 
sheep  corrals,  which 
usuaJly  contains  lup 
quantities  of  the  sefd. 

FENUGREEK. 

Fenugreek  (Trigo- 

neltafoenum-^raffvm) 

is  an  upright-growing 

plant  havmg  acentral 

A  somewhat  open  top  is  formed 

dual  plant  (see  fig.  5).    \Vhen 


FiO.  S— 


iiigreek.  showing  lUchsnclsrla  lies. 


stem  which  is  more  or  less  branched. 
when  fenugreek  is  grown  as  an  indivi 

grown  in  plats  with  little  chance  for  indi\-idual  development,  but 
few  brandies  are  formed.  The  plants  attain  a  height  of  20  to  30 
inches.  The  leaves,  of  which  there  is  a  medium  number,  are  trifoliai*- 
with  cuneate  or  obovate  thiokish  leaflets.  The  seeds,  which  are  bon» 
in  long,  pointed  pods,  are  quite  small  (one  or  two  lines  long)  and  of 
a  brownish -yellow  color.  The  pods  dehbce,  or  break  open,  ludllj. 
taking  the  crop  one  that  can  be  handled  easily  lor  seed. 
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ADAPTATION. 


Fenugreek  is  grown  in  quantity  in  California  only  in  Ventura  and 
Orange  counties.  The  recognition  of  its  value  as  a  green-manur» 
crop  dates  back  to  1903,  it  having  been  distributed  the  previous 
year  by  the  California  experiment  station.  Since  that  time  its  use 
has  gradually  increased,  and  while  it  is  only  in  Orange  and  Ventura 
counties  that  it  has  been  used  as  a  regular  crop  it  has  been  tested 
and  grown  in  a  small  way  in  all  the  citrus  sections  of  the  State 
(see  fig.  6). 

From  tests  and  observations  made  during  the  past  three  years  it 
seems  quite  evident 
that  fenugreek  is  best 
adapted  to  the  citrus 
sections  of  the  State 
having  the  imme- 
diate coast  influ- 
ences. The  climatic 
conditions  of  such  lo- 
calities are  very 
favorable  for  fenu- 
greek, and  it  is  there- 
fore in  those  sections 
that  it  has  attained 
its  best  development. 
In  sections  farther 
from  the  coast,  such 
as  at  Riverside  and 
Redlands,  and  in  the 
interior  valleys  of  the  *^'"  "*" 
State,  quite  goo<l 
crops  have  been  grown,  but  in  such  localities  the  crop  is  more  exacting 
in  its  requirements  as  to  time  of  planting,  etc. 


In  comparative  tests  mad^  at  Kedlands,  Cal.,  fenugreek  sown 
October  7,  1907,  by  the  mid<lle  of  Februar)-,  1908,  had  attained  a 
height  of  10  inches.  Common  vetch  made  but  6  inches  of  growth  in 
the  same  time.  At  Pomona,  Cal.,  fenugreek  sown  November  4, 
1907,  by  the  middle  of  Febniary,  1908,  had  made  a  growth  of 
18  to  24  inches.  Common  vetch  in  comparison  made  but  S  inches 
of  growth  during  the  same  time.  At  Chico,  in  northern  California, 
fenugreek  sown  October  5,  1908,  with  irrigation,  by  the  first  of 
March,  1909,  had  made  a  growth  of  12  to  15  inches,  and  of  16  to 
20  inches  by  the  middle  of  March.     Tn  other  tests  the  fenugreek  did 
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not  make  so  good  a  showing,  yet  wherever  sown  early  it  has  done 
quite  well. 

As  to  the  quantity  of  green  manure  produced  by  fenugreek  in 
comparison  with  other  crops  there  are  but  limited  data.  At  SanU 
Paula,  Cal.,  weights  of  vetch  and  fenugreek  were  taken  the  middk 
of  February,  1909,  to  determine  the  quantity  of  green  manure  pro- 
duced.  The  plants  growing  in  the  space  between  four  trees  were 
cut  and  weighed  green,  and  the  yield  per  acre  was  computed  from  thcae 
weights.  The  fenugreek  yielded  11,745  pounds  per  acre  solid  area, 
or  8,432  pounds  orchard  area,  while  the  common  vetch  yielded 
19,140  pounds  per  acre  solid  area,  or  13,742  pounds  orchard  area. 
However,  these  figures  do  not  justly  represent  the  comparative  yield 
of  organic  matter,  as  the  moisture  content  of  the  vetch  was  undoubt- 
edly much  greater  than  that  of  the  fenugreek,  and  the  yield  of  diy 
matter  of  the  two  crops  would  have  been  much  more  nearly  equal 
than  is  indicated  by  the  figures  given.  At  Chico,  in  northern  Cali- 
fornia, fenugreek  weighed  green  March  16,  1909,  yielded  at  the  rate 
of  13,721  pounds  per  acre.  This  was  from  plantings  made  Octobers, 
1908.  In  comparison,  at  Chico,  common  vetch  produced  but  2,831 
pounds  per  acre. 

Considering  the  convenience  and  cost  of  handling,  fenugreek  is 
superior  to  any  other  green-manure  crop  now  being  used.  The 
upright  habit  of  the  plant  makes  the  crop  easy  to  turn  under.  The 
roots  have  many  nodules  and  form  a  system  similar  to  that  of  the 
field  pea. 

Fenugreek  is  especially  desirable  for  an  orchard  green-manure 
crop,  owing  to  the  fact  that  no  insect  pests  seem  to  be  harbored  by 
it.  This  point  has  been  especially  noticeable  in  sections  where  the 
army  worm,  harbored  in  such  crops  as  vetch,  bur  clover,  and  field 
peas,  has  done  considerable  damage  to  fruit.  During  the  season  <rf 
1907,  orchards  in  which  fenugreek  wi^s  being  grown  were  noted  as 
being  free  from  the  army  worm,  while  other  orchards  in  the  same 
section  were  quite  badly  infested. 

PLANTING. 

No  special  preparation  of  the  land  is  necessary  for  planting  fenu- 
greek. A  seed  bed  such  as  is  desirable  for  ordinary  field  crops  is 
all  that  is  required.  The  best  time  for  seeding  varies  somewhat  in 
the  different  parts  of  the  State.  For  a  winter  green>manure  crop  in 
southern  California,  in  sections  away  from  the  coast,  such  as  Pomona 
and  Redlands,  plantings  should  be  made  as  early  in  September  as 
possible.  In  sections  near  the  coast  plantings  may  be  made  later 
with  good  results,  but  September  planting  is  to  be  advised.  Ib 
northern  California  plantings  for  green  manure  should  be  made  the 
firet  of  October. 
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Fenugreek  does  best  on  a  good,  deep  loamy  soil,  but  such  a  soil  is 
not  necessary  for  success,  as  the  plant  does  quite  well  on  ^  gravelly 
or  a  sandy  soil.  It  is  not  adapted,  however,  to  a  soil  that  will  become 
hard,  like  heavy  clay  or  adobe.  The  ci^op  should  be  sown  either 
broadcast  or  in  close  drills.  Thirty  pounds  of  seed  per  acre  is  neces- 
sary for  a  green-manure  crop,  while  less  is  best  for  a  seed  crop.  Care 
should  be  taken  not  to  plant  the  seed  too  deep. 

SEED   PRODUCTION. 

The  fenugreek  seed  handled  by  American  seedsmen  is  almost 
entirely  imported.  The  demand  for  it  has  been  so  slight  that  only 
small  stocks  are  handled.  The  imported  seed  comes  from  the  Medi- 
terranean countries,  chiefly  from  Egypt  and  Palestine.  The  seed 
of  fenugreek  used  in  the  orchard  green-manure  work  in  California  is 
grown  almost  entirely  in  Orange  and  Ventura  counties,  in  which 
localities  a  good  crop  of  fine  seed  can  be  produced. 

Possibly  the  only  sections  where  fenugreek  can  be  grown  profitably 
as  a  seed  crop  are  where  the  winters  are  very  mild,  having  at  most  light 
frosts,  so  that  with  late  fall  seeding  there  will  be  a  sufficient  growth 
made  during  the  winter  months.  An  ordinary  grain  drill  is  the  best 
implement  to  use  in  seeding.  From  15  to  20  pounds  of  seed  per  acre 
are  sufficient.  After  seeding,  nothing  is  done  with  the  crop  until  it 
is  harvested.  In  the  interior  valleys  an  irrigation  at  the  time  of 
seeding  is  necessary. 

The  crop  can  be  cut  with  an  ordinary  mower,  and  after  a  short  time 
should  be  raked  into  windrows.  Here  it  should  be  allowed  to  cure 
for  several  days  before  thrashing,  which  can  be  done  with  an  ordinary 
thrashing  machine.  In  so  far  as  possible  the  crop  should  be  taken 
from  the  windrows  in  the  early  morning,  there  being  less  shattering 
of  the  seed  when  handled  at  this  time.  The  pods  when  very  dry 
drop  from  the  stem  and  dehisce,  or  break  open  slightly,  although 
the  loss  of  seed  from  this  cause  is  not  great. 

The  quantity  of  seed  produced  per  acre  varies  as  with  any  other 
crop,  and  while  there  are  few  definite  figures  as  to  yields,  in  Ventura 
and  Orange  counties,  where  the  best  fenugreek  seed  crops  are  produced, 
probably  1,500  pounds  per  acre  is  an  average  yield.  At  Chico,  in 
northern  California,  plantings  in  ^V-acre  plats  yielded  at  the  rate 
of  490  pounds  of  seed  per  acre,  while  one  smaller  plat  yielded  at  the 
rate  of  1,315  pounds  per  acre.  The  Chico  plantings  were  made  with 
irrigation  the  first  half  of  October,  1908.  The  crop  was  harvested 
the  1st  of  June,  1909. 

HAIRY   VETCH. 

The  hairy  or  winter  vetch  (  Vicia  viUosa)  is  not  so  well  adapted  for 
green-manure  purposes  as  is  the  common  vetch,  and  it  has  not  been 
used  except  in  a  very  limited  way.     Under  California  conditions  it 
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makes  less  growth  during  the  wmter  season  than  the  common  vetdi, 
and  this  has  prevented  its  larger  use  for  green  manuring.  EIxteDai?e 
experimental  tests  in  comparison  with  common  vetch,  as  well  as 
practical  tests  made  by  orchardists,  show  the  same  results. 

While  hairy  vetch  does  not  make  a  good  winter  growth,  when  tiic 
warmer  weather  of  the  latter  part  of  winter  and  early  spring  comes, 
it  makes  a  very  vigorous  start  and,  if  left  to  develop  fully,  a  heavier 
growth  than  common  vetch.  It  also  stands  more  dry  weather  without 
injury,  and  where  a  late  spring  crop  is  wanted  it  is  very  desirable. 
The  handling  of  the  crop  is  the  same  as  with  common  vetch.  From 
45  to  50  pounds  of  seed  per  acre  should  be  used  in  seeding. 

INDIAN   MELILOT. 

Indian  melilot  (MelUotus  indica)  is  quite  common  in  waste  places 
throughout  the  orchard  sections  of  southern  California  and  for  a 
number  of  years  has  received  some  attention  as  a  green-manure 
crop.  However,  it  has  never  been  used  except  in  a  very  limited  or 
experimental  way,  and  this  experience  indicates  that  it  has  but 
very  little  value  in  orchard  work'  in  California. 

The  winter  growth  of  meUlot  is  about  like  that  of  bur  clover,  and, 
like  that  crop,  its  best  growth  is  not  made  until  too  lat-e  in  the 
winter  to  be  turned  under  in  February.  The  only  place  in  California 
where  melilot  seems  likely  to  prove  at  all  valuable  is  on  the  very 
sandy  soils,  to  which  it  is  quite  well  adapted  and  on  which  it  is  often 
hard  to  get  a  stand  of  other  green-manure  crops. 

SUMMEB  GBEEN-MANUBE  CBOP8. 

The  question  is  sometimes  asked  whether  it  is  advisable  to  grow  a 
summer  green-manure  crop  as  well  as  a  winter  crop,  thus  enabling 
one  to  add  two  crops  a  year  to  the  soil  instead  of  one.  Where  water 
for  irrigation  is  available  there  is  no  difficulty  in  doing  this.  How- 
ever, the  practice  is  not  to  be  advised  except  under  very  exceptional 
conditions.  The  enormous  quantity  of  water  used  by  a  green-manure 
crop  in  its  growth  makes  it  decidedly  objectionable  for  summer  use 
in  an  orchard,  where  all  the  water  available  ig  usually  needed  for  the 
orchard  crop. 

The  growing  of  a  summer  green-manure  crop  also  necessitates  the 
discontinuance  of  cultivation  of  the  soil,  which  except  on  the  most 
open  soils  would  be  more  or  less  detrimental  if  continued  for  a  long 
period.  There  may  be  instances,  however,  where  it  is  desirable  to 
build  a  soil  up  as  rapidly  as  possible.  In  such  cases  a  summer  green- 
manure  crop  may  be  used  to  advantage.  For  this  purpose  the 
Whippoorwill  variety  of  cowpea  has  been  found  the  best  of  any  crop 
tested. 
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BBST7LT8  OF  OBBBN  MANX7BING  IN  OAUFOBNIA. 

There  have  been  no  definite  tests  made  in  California  to  determine 
the  results  in  an  increased  yield  of  fruit  or  improved  quality  of  the 
same  from  the  use  of  green  manures.  The  only  evidence  available 
is  that  of  general  observation  and  the  experience  of  the  orchardists. 
While  orchardists  differ  to  some  extent  in  conclusions,  they  gener- 
ally are  favorable  to  the  practice,  as  its  continued  and  growing  use 
attests.  Careful  observations  also  show  the  beneficial  results  of 
green-manure  crops  in  a  more  thrifty  appearance  of  the  trees,  an 
improved  condition  of  the  soil,  and  a  better  quaUty  ,of  the  fruit. 
The  belief  is  quite  general  that  the  yield,  also,  is  increased.  Orchards 
in  which  a  few  years  ago  there  were  unthrifty  trees  with  yellowish- 
colored  leaves  now,  after  several  years'  use  of  green-manure  crops, 
show  a  decided  improvement  in  color  and  general  appearance.  The 
work  of  the  California  experiment  station  has  demonstrated  that 
gummosis  of  citrus  trees  is  brought  on  by  unfavorable  soil  conditions 
and  that  in  remedying  such  conditions  green  manures  serve  a  very 
useful  purpose.'*  Orchards  in  which  green  manures  have  been  used 
for  a  long  time  are  but  Uttle  affected  by  this  disease. 

The  improved  condition  of  the  soil  when  green  manures  have  been 
used  for  some  time  has  been  readily  noticeable  to  those  handling  an 
orchard.  The  heavier  soils  have  become  quite  open  and  friable  and 
the  sandier  soils  more  loamy.  Beneficial  results  in  the  conserving 
of  rainfall  and  the  prevention  of  washing  of  the  soil  have  also  been 
very  apparent.  Most  soils  that  wash  badly  do  so  because  they  are 
deficient  in  organic  matter.  Oreen  manuring,  by  the  improvement 
of  the  mechanical  condition  of  the  soil,  not  only  prevents  washing, 
but  the  presence!  of  the  growing  crop  on  the  land  prevents  gullying 
during  the  rainy  season.  This  is  of  particular  importance  on  sloping 
lands. 

BBSXJLT8  OF  TESTS  WITH  VABIOUS  I^BOUMES. 

From  the  fact  that  the  addition  of  humus  to  the  soil  is  one  of  the 
main  objects  in  using  a  green  manure,  it  necessarily  follows  that, 
other  things  being  equal,  the  crop  producing  the  heaviest  vegetative 
growth  is  the  most  desirable.  To  determine  the  comparative 
amount  of  vegetative  growth  made  by  various  crops  the  green  weight 
per  acre  has  been  determined,  as  shown  in  Tables  I,  II,  and  III. 
However,  these  figures  can  be  taken  only  as  indicating  in  a  general 
way  the  amount  of  organic  matter  returned  to  the  soil,  as  no  correc- 
tions were  made  for  the  varying  moisture  content  of  the  different 
crops. 

oBulletm  200,  California  Agricultural  Experiment  Station.     1908. 
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In  Table  II  the  weight  of  the  green  material  produced  per  acre  is 
presented,  together  with  the  weight  of  the  same  when  dry.  The 
green  material  was  weighed  at  the  time  of  cutting,  and  for  estimates 
of  the  yield  of  dry  matter  was  weighed  again  in  thirty  days.  During 
this  period  the  various  crops  had  become  nearly  dry,  but  undoubt- 
edly the  moisture  content,  even  at  this  time,  would  vary  to  some 
extent,  although  not  nearly  so  much  as  in  the  green  state. 

That  the  yield  of  green  material  as  shown  by  its  weight  may  be 
misleading  without  proper  correction  for  the  moisture  it  contains  is 
shown  in  Table  II  in  the  case  of  the  two  lots  of  black-purple  vetch.  The 
first  lot  was  quite  succulent  at  the  time  of  cutting,  and  consequently 
was  very  heavy  in  the  green  state,  while  the  other  was  a  little  older  and 
less  succulent,  and  so  was  much  lighter.  The  latter  did  not  show  the 
heavy  loss  in  drying  that  the  former  did,  however,  and  thus  the  dif- 
ference in  the  amount  of  organic  matter  of  the  two  is  not  nearly  so 
great  as  the  difference  in  the  weights  of  the  green  matter  would  indi- 
cate. In  this  connection  it  should  also  be  noted  that  varying  yields 
are  often  due  to  a  difference  in  the  stands  rather  than  to  differences 
in  the  growth  of  the  crop.  In  the  comparative  data  presented  in 
the  tables  this  has  been  reduced  to  a  minimum  by  selecting  for  this 
purpose  crops  with  as  nearly  uniform  stands  as  possible. 

From  all  data  available  it  seems  clear  that  of  the  commonly  grown 
green-manure  crops,  vetch,  ,  peas,  bur  clover,  and  fenugreek,  the 
vetch  returns  the  most  organic  matter  to  the  soil  and  the  peas  tie 
least.  The  light  yield  of  peas  is  not  due  to  a  lack  of  st^m  growth, 
which  on  the  contrary  is  always  good,  but  to  the  generally  poorer 
stand  and  more  open  habit  of  growth.  Bur  clover,  while  weighing 
heavy  green,  is  very  succulent  when  young,  and  when  compared  with 
an  equal  weight  of  green  vetch  represents  much  less  organic  matter. 
Fenugreek  yields  well,  but  not  so  much  as  vetch. 

In  securing  the  yield  of  green  manure  per  acre,  as  presented  in 
Table  I,  the  plants  growing  on  a  plat  6  by  20  feet  were  cut  and 
weighed  green  and  the  yield  per  acre  computed  from  these  weights. 
In  Table  II  a  plat  10  by  10  feet  square  of  each  crop  was  cut  and 
weighed  green  and  the  yield  per  acre  thus  calculated.  The  same 
was  weighed  again  in  thirty  days,  as  shown  in  the  table,  giving  the 
yields  of  the  dry  matter.  In  Table  III  the  weights  shown  were 
taken  from  crops  being  grown  by  orchardists  during  the  winter  of 
1908-9  at  the  places  mentioned  in  the  table  and  are  representative 
of  these  crops  as  grown  under  actual  orchard  conditions.  To  obtain 
the  results  the  plants  growing  on  a  space  between  four  trees  were  cut 
and  the  yield  per  acre  calculated  from  such  weights. 
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Table  l.—Orowlh  of  planU  and  uieight  per  acre  o/  grem-nuitiun  eropt  *ovm  with  iniga- 
Hon  October  19,  1907,  at  Chito,  Cat. 
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Aa  shown  by  Tables  I  and  II,  giving  comparative  yi 
are  several  plants  very  promising  for  green-manure  purpo; 
pared  with  common  vetch  and  field  peas.  The  claim  of 
for  these  plants  is  largely  due  to  their  ability  to  make  m 
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during  the  cool  weather  of  the  winter,  thus  affording  a  heavier  growth 
to  be  turned  under.  This  is  an  especially  strong  point  where  it  b 
desirable  to  turn  the  crop  under  as  early  as  possible,  as  is  the  case  in 
the  citrus  orchards  of  southern  California.  The  plants  referred  to 
are  the  black-purple  vetch,  the  black  bitter  vetch,  the  woolly-podded 
vetch,  the  horse  bean,  and  the  Tangier  pea. 

BLACK-PUBPLB   VETCH. 

The  black-purple  vetch  (Vicia  atropurptirea)  is  one  of  the  moat 
promising  green-manure  crops  tested  for  California.     Its  general 


Flo.  7.— A  fleld  ol  bliclc-purple  vetch  it  Chloo,  CtL 

appearance  and  habit  of  growth  are  about  Uke  those  of  the  com- 
mon vetch  (fig.  7),  although  it  is  very  distinct  from  that  species. 
The  superior  value  of  black-purple  vetch  when  compared  with  com- 
mon vetch  lies  in  its  ability  to  make  a  much  stronger  growth  during 
the  cool  weather  of  early  winter.  This,  as  noted  elsewhere,  is  an 
especially  desirable  quality  in  a  green  manure  to  be  turned  imder  in 
February, 

The  root  system  of  black-purple  vetch,  which  is  similar  to  that  of 
common  vetcli,  is  well  covered  with  medium  large  nodules.  The 
stems,  aside  from  making  a  strong  growth,  are  of  such  a  texture  as 
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to  enable  them  to  staDcl  much  trampling  or  other  hard  usage  without 
injury. 

The  time  and  manner  of  seeding  this  crop  are  much  the  same  as 
with  common  vetch.  As  the  seed  is  a  little  smaller,  however,  a 
smaller  quantity  may  be  used  in  seeding.  From  50  to  60  pounds  per 
acre  is  advised. 

BLACK   BITTER   VETCH. 

Black  bitter  vetch  ( Vicia  ervUia),  another  very  promising  green- 
nianure  crop  for  California,  is  different  from  most  other  vetches  in 
that  it  is  uptight  in  its  habit  of  growth,  rather  than  vinelike.    Like 


Fio.  S.— A  field  or  black  bitter  Telcb  it  Chleo,  Ctl. 

the  black-purple  vetch,  it  possesses  the  desirable  quality  of  making  a 
good  growth  during  the  cool  weather  of  early  winter  and  is  much 
superior  to  common  vetch  in  this  respect.  (See  £g.  8.)  In  this 
connection  it  should  be  noted  that  different  strains  of  this  vetch ' 
have  given  different  yields,  so  that  some  will  doubtless  be  found 
superior  to  others. 

Its  upright  habit  of  growth  makes  this  crop  very  easy  to  turn  under 
with  an  ordinary  moldboard  plow.  The  viny  growth  of  common 
vetch  makes  it  objectionable  to  some  orchardiats.  The  root  system, 
while  quite  well  covered  with  nodxJes,  is  perhaps  not  so  extensive  as 
that  of  some  of  the  other  vetches.     The  plant  has  a  more  definite 
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central  root,  or  taproot,  than  common  vetch,  and  the  fibrous  roote 
tend  to  penetrate  more  deeply.  The  seeding  habits  are  much  better 
than  those  of  other  vetches.  The  pods  shatter  but  veiy  litUe,  which 
much  f aciUtates  the  harvesting  of  the  seed. 

Black  bitter  vetch  is  grown  very  extensively  in  the  Mediterranean 
region,  where  the  seed  is  a  commercial  product.  The  fact  that  the 
seed  of  this  plant  can  be  imported  at  a  reasonable  cost  makes  it  pos- 
sible to  supply  the  trade  at  once.  On  accoimt  of  the  plant  branch- 
ing but  little  it  is  necessary  to  use  a  slightly  larger  quantity  of  seed 
in  seeding  than  with  common  vetch.  Seventy  pounds  per  acre  is 
reconunended.  Aside  from  the  quantity  of  seed  per  acre  used,  the 
crop  should  be  handled  Uke  common  vetch. 

WOOLLY-PODDED   VETCH. 

Woolly-podded  vetch  (Vicia  dasycarpa)  resembles  haiiy  vetch 
quite  closely,  both  in  appearance  and  in  agricultural  value. 

In  comparative  tests  the  woolly-podded  vetch  has  made  a  stronger 
growth  during  the  cool  weather  of  early  winter  than  the  conunon  or 
the  hairy  vetch,  but  not  so  strong  as  the  black-purple  vetch  or  dir 
black  bitter  vetch.  As  soon  as  the  warmer  weather  of  the  latter  part 
of  winter  comes  it  is  one  of  the  most  vigorous  growers  and  its  ultimate 
yield  is  very  heavy.  Thus,  while  it  will  serve  very  well  as  a  crop  to 
be  turned  under  in  early  winter  its  special  value  is  for  conditions  where 
the  crop  can  be  allowed  to  remain  a  little  later  in  the  spring.  For 
sowing  without  irrigation  in  deciduous  orchards  it  may  be  of  special 
value. 

Woolly-podded  vetch  stands  trampUng  well  and  for  orchard  use 
is  in  this  respect  equal,  if  not  superior,  to  common  vetch.  The  root 
system  is  about  Uke  that  of  common  vetch  and  is  well  covered  with 
medium  large  nodules. 

In  growing  woolly-podded  vetch  it  should  be  handled  as  common 
vetch,  except  that  a  little  less  seed  may  be  used  in  seeding.  Fifty 
pounds  per  acre  is  sufficient. 

HORSE    BEAN. 

The  horse  bean  ( Vicia  f aba)  has  been  but  Uttle  grown  in  California. 
Tlie  broad  bean,  however,  which  differs  from  the  horse  bean  only  in 
having  larger  and  broader  seeds  and  pods,  has  been  grown  as  a  vege- 
table for  a  number  of  years  in  a  few  locaUties. 

Experimental  tests  in  California  during  the  past  few  years  indicate 
that  the  liorse  bean  has  considerable  value  as  a  green-manure  crop, 
especially  in  the  southern  part  of  the  State.     (See  fig.  9.) 

TJie  plant  has  an  upright  stem  which  is  quite  leafy,  but  little 
branched.     The  leaves,  as  well  as  the  stems,  are  quite  large,  but  com- 
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jaratively  soft  and  succulent  until  well  matured.  The  root  system 
wnsists  of  a  strong  taproot,  with  a  fairly  well-developed  fibrous  sys- 
tem radiating  from  tliis.  The  roots  penetrate  quite  deeply  into  ordi- 
aary  soils  and  aid  in  overcoming  '  'plow  sole."  The  taproot,  as  well 
IS  the  smaller  roots,  when  welt  inoculated  has  many  large  nodules, 
jidicating  that  it  is  a  good  nitrogen  gatherer.  In  southern  California 
borse  beans  are  usually  well  inoculated  and  have  many  large  nodules. 
In  northern  California,  thus  far,  they  have  had  very  few  or  no  nodules 
the  first  year  they  liave  been  grown.  Consequently,  when  grown 
inthout  artificial  inoculation  they  amount  to  but  little,  although  when 
inoculated  they  succeed  quite  well. 


Although  the  stems  of  tlie  horse  bean  are  quite  lai^e  they  decom-" 
pose  readily  when  turned  under  for  green  manure.  In  comparison 
with  other  green-manure  crops  horse  beans  make  a  good  growth,  but 
in  an  orchard  will  not  withstand  trampling  like  the  vetches.  As  the 
seeds  are  large  a  considerable  quantity  is  required  in  seeding,  unless 
the  field  is  planted  in  drills  more  than  the  ordinary  distance  apart.  As 
the  individual  plants  make  a  comparatively  large  growth  they  will 
stand  this  method  of  planting,  and  if  sown  in  drills  IS  or  24  inches 
apart  a  good  yield  will  be  secured.  The  season  for  planting  is  the 
same  as  that  of  vetch. 
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TANGIER  PEA. 

The  Tangier  pea  (JjOthyrua  iingUantis)  was  originallj  introduced  into 
this  country  from  northern  Africa.  It  is  an  annual  legume  resembling 
in  general  the  garden  sweet  pea,  to  which  it  is  related. 

During  the  past  few  years  considerable  attention  has  been  given  to 
the  Tangier  pea  to  determine  its  value  as  a  green-manure  crop,  and 
results  thus  far  indicate  that  it  is  of  considerable  value  for  this  pur- 
pose. It  makes  a  strong  growth,  yielding  a  heavier  tonnage  per  acre 
than  the  common  vetch  (see  Tables  I,  II,  and  III).  Its  dense  growth 
enables  it  to  overrun  and  smother  out  weeds,  which  is  one  of  the  veiy 
noticeable  qualities  of  this  crop.  Though  the  stems  are  quite  lar^ 
they  are  not  very  succulent  and  stand  considerable  rough  usages 
being  well  adapted  for  orchard  use  in  this  respect.  The  large  growth 
made  by  Tangier  peas  makes  them  somewhat  difficult  to  turn  under 
with  an  ordinary  moldboard  plow;  with  a  disk  plow  but  little  troubk 
in  this  respect  will  be  experienced. 

The  root  system  is  well  developed.  It  has  a  more  nearly  definite 
central  root  than  vetch,  and  the  roots  penetrate  the  soil  more  deeply. 
The  nodules  are  large  and  numerous,  indicating  that  the  plant  is  a 
good  nitrogen  gatherer. 

For  a  green-manure  crop  Tangier  peas  should  be  handled  like  com- 
mon vetch,  except  that  the  seeding  should  be  heavier,  from  70  to  75 
pounds  of  seed  per  acre  being  required  for  obtaining  the  best  results. 

COST  OF  SEED  OF  GBEBN-KANUEE  OKOP8. 

The  cost  of  seed  of  green-manure  crops  is  a  factor  of  considerable 
importance  in  determining  their  relative  value.  The  high  price  of 
seed  may  be  the  cause  of  the  elimination  from  use  of  an  otherwise 
good  crop.  In  most  orchard  sections  it  is  hardly  practicable  for  the 
orchardist  to  attempt  to  raise  his  own  seed,  though  with  crops  having 
good  seeding  habits  this  could  be  readily  done.  The  commercial  seed 
grower  will  very  Ukely  be  depended  upon  for  the  supply  of  seed  needed 
The  price  that  growers  will  pay  for  any  new  crop  will  probably  be 
largely  determined  by  the  price  pf  seed  of  common  vetch  and  of  field 
peas.  A  shghtly  higher  price  for  a  superior  crop  would  undoubtedly 
be  paid.  However,  a  superior  crop  and  cheap  seed  are  what  is 
desired. 

The  practice  of  allowing  enough  seed  t-o  ripen  in  the  orchard  to 
volunteer  a  crop  from  year  to  year  is  the  cheapest  method  of  seeding 
a  green-manure  crop,  but  this  is  practicable  only  in  deciduous  orchards 
without  irrigation,  where  the  returns  vdll  justify  but  very  little 
expense  in  connection  with  such  a  crop.  Under  such  conditions  bur 
clover  in  particular  can  be  effectively  used. 
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lY. — Seed  production  per  acre  of  varioua  legumes  at  Cfnco,  Cal,,  1909.    Plats 

one^twentieth  acre. 


Name. 


Slack  bitter  vetch 
ftlBek  bitter  vetoh.... 
Slack  bitter  vetch. . . . 
SUusk-purple  vetch. . . 
Stack-puTpIe  vetch. . . 
Black-purple  vetch. . . 
Slack-poiple  vetch. . . 
Woolly-podded  vetch 


Rate  of 
seeding. 


Pounds. 
72 
77 
28 
21 
48 
45 
76 
58 
36 
36 
48 
45 


Yield 
of  seed. 


Pounds. 
210 
630 
490 
490 
600 
1,800 
1,980 
300 
380 
580 
400 
290 


In  Table  IV  is  presented  the  seed  yield  of  various  new  green-manure 
srops  discussed  in  this  bulletin.  These  yields  were  taken  from  J^-SiCTe 
plats  that  had  been  sown  primarily  for  a  green-manure  crop  test 
Btnd  not  for  seed  production.  So  the  yields  in  some  instances  are 
Enuch  lighter  than  would  have  been  the  case  had  the  crop  been  sown 
for  seed. 

It  is  quite  probable  that  at  Chico,  where  these  crops  were  grown, 
conditions  are  not  so  favorable  for  the  seed  production  of  such  plants 
as  the  woolly-podded  vetch  and  the  black-purple  vetch  as  are  the 
conditions  in  western  Oregon,  where  seed  of  common  vetch  and  hairy 
vetch  is  grown  commercially.  This  is  jJrobably  also  true  of  the  Tan- 
gier pea,  though  not  so  much  so  of  the  black  bitter  vetch,  which 
does  well  at  Chico.  The  yields  presented  in  the  table  and  the  gen- 
eral character  of  the  crops  indicate  that  seed  should  be  produced 
as  cheaply  as  that  of  common  and  of  hairy  vetch,  and  in  the  case  of 
black  bitter  vetch  somewhat  more  cheaply.  The  seeding  habits  of 
black  bitter  vetch  are  such  that  an  orchardist  could  easily  raise  his 
own  seed  if  necessary,  and  where  it  is  desirable  to  grow  some  crop 
in  a  young  orchard  he  might  raise  the  seed  with  profit. 

Of  the  crops  mentioned,  the  production  of  seed  will  cost  most 
with  the  Tangier  pea  and  the  woolly-podded  vetch,  and  least  with 
the  black  bitter  vetch.  The  cost  of  seed  of  common  vetch  and  field 
peas  varies  from  year  to  year.  Seed  of  common  vetch  during  the 
past  few  years  has  Varied  from  3^  to  5  cents  per  pound.  When 
seeding  at  the  rate  of  60  pounds  to  the  acre  this  would  make  the 
cost  of  seed  from  $2.10  to  $3  per  acre. 

Seed  of  field  peas  has  been  about  the  same  price  per  pound  as 
that  of  common  vetch,  but  as  80  pounds  of  seed  per  acre  are  needed 
in  seeding,  this  makes  the  cost  from  $2.80  to  $4  per  acre. 

Bur  clover  seed  is  advertised  at  from  25  to  30  cents  per  pound, 
hulled.  When  seeding  at  the  rate  of  20  pounds  of  seed  per  acre  this 
makes  the  cost  of  seed  from  $5  to  $6  per  acre. 
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The  wholesale  price  of  fenugreek  seed  in  the  European  market  is 
from  2^  to  3  cents  per  pound.  The  price  to  the  grower  would  d 
course  be  somewhat  in  advance  of  this,  but  should  not  exceed  5  or 
6  cents.  When  30  poimds  of  seed  per  acre  are  used>  this  would  m&ke 
the  cost  of  seeding  from  $1.50  to  $1.80  per  acre. 

Black  bitter  vetch  seed,  though  not  handled  in  quantity  by  Ameri- 
can seedsmen,  can  be  secured  in  foreign  markets  and  imported  at  a 
cost  that  should  make  the  price  to  the  grower  about  the  same  or 
less  than  that  of  conmion  vetch.  When  seeding  at  the  rate  of  70 
pounds  of  seed  per  acre,  this  would  make  the  cost  of  seeding  from 
$2.40  to  $3.50  per  acre.  As  stated  elsewhere,  the  fact  that  black 
bitter  vetch  yields  a  heavy  crop  of  seed  in  California  and  has  excep- 
tionally good  seeding  habits  should  make  it  possible  to  place  Cali- 
fornia-grown seed  on  the  market  at  a  much  less  cost  than  that  of 
common  vetch. 

SX7MHARY. 

Calif omia  soUs,  though  often  very  fertile,  are  generally  deficient  in 
humus. 

Within  recent  years  green-manure  crops  in  California  have  beea 
given  special  attention. 

The  only  places  where  green  manures  are  being  used  extensively 
are  the  citrus  and  walnut  orchards  of  the  southern  part  of  the  State. 

Deciduous  orchard  sections  of  the  State  are  using  practically  no| 
green-manure  crop.  j 

By  the  use  of  green  manures  a  generally  improved  condition  ofj 
orchards  has  been  secured,  as  shown  by  a  more  healthy  appearanoai 
of  the  trees  and  more  and  better  fruit. 

The  early  seeding  of  green-manure  crops  is  desirable  for  obtainiqgi 
the  best  results. 

Green  manures  should  be  turned  under  before  the  trees  start  neir 
growth  in  the  spring. 

Heavier  seeding  than  is  ordinarily  practiced  is  advised. 

Common  vetch  and  field  peas  are  the  most  generally  used  green- 
manure  crops,  the  vetch  being  the  most  popular. 

Peas  or  conmion  vetch  sown  in  the  fall  without  irrigation  will  notj 
except  in  the  most  favorable  years,  make  sufiScient  growth  to  hi 
turned  under  early  as  a  green  manure,  but  when  thus  sown  wil 
make  a  good  growth  later  in  the  spring. 

Field  peas,  common  vetch,  and  bur  clover  are  adapted  to  quiti 
varied  conditions,  and  are  being  grown  in  a  limited  way  throughout 
the  State. 

In  any  part  of  the  State  having  a  mild  winter  a  green-manun 
crop  of  peas  or  common  vetch  will  succeed  if  sown  early  in  the  fal 
with  irrigation. 
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Bur  clover  seems  to  be  of  most  value  for  deciduous  orchard  con- 
ditions, while  the  woolly-podded  vetch  promises  to  be  of  value  for 
the  same  conditions. 

Fenugreek  and  bur  clover  are  used  to  a  limited  extent,  fenugreek 
being  especially  adapted  to  the  region  near  the  coast. 

Hairy  vetch  is  not  well  adapted  for  use  as  a  green-manure  crop  in 
California. 

Black  bitter  vetch,  black-purple  vetch,  woolly-podded  vetch,  horse 
beans,  and  the  Tangier  pea  are  promising  new  green-manure  crops 
in  comparison  with  common  vetch. 

Green-manure  crops  need  no  inoculation  in  California,  horse  beans 
in  the  northern  portion  being  the  only  known  exception. 

The  growing  of  a  summer  green-manure  crop  in  California  orchards 
is  not  advisable. 

Local  as  well  as  sectional  conditions  in  the  various  parts  of  the 
State  vary  considerably,  and  must  be  taken  into  consideration  in 
determining  the  best  crop  for  green  manure  as  well  as  the  best  method 
of  handling  the  same. 
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Acids,  v^etable,  relation  to  availability  of  plant  food 15 

Alfilaria,  use  as  green  manure 7 

Alfilerilla,  sjmonym  of  alfilaria. 7 

Aphids,  damage  to  green-manure  crops 18 

Anny  worm.    See  Worm,  army. 
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use  as  green-manure  crop 26, 27, 30-31, 35 
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Bur  clover.    See  Clover,  bur. 
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University,  work  with  green-manure  crops 7 

Canada  field  peas.    See  Peas,  Canada  field. 

Chico,  Cal.,  Plant  Introduction  Garden,  tests 7 

results  for  green-manure  crops 21, 22-23, 27, 33 
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use  as  green-manure  crop 7, 9, 12, 15, 19-20, 26, 27, 32, 34, 35 

Commercial  fertilizers.    See  Fertilizers. 

Cowpea,  Whippoorwill,  use  as  green-manure  crop 24 

Crops,  green  manure,  conditions  of  use 10, 11 

nitrogen-gathering  status 16, 19, 22, 28, 29, 30, 31, 32 

promising,  discussion 27-32 

qualities  and  methods 10-15 

results  of  growing 25-27 

summary  for  California  orchards 34-35 

summer,  objections  and  suggestions 24, 35 

turning  under 12-13 

winter,  use  in  California  orchards 15-24 

Deciduous  orchard  sections.    See  Orchards,  deciduous. 

Drought,  endurance  by  hairy  vetch 24 

Dry  weather.    See  Drought. 
Erosion.    See  Soil,  erosion. 

Exeter,  Cid.,  center  of  citrus-fruit  area S 

Fenugreek,  freedom  from  insects  harmful  to  orchards 22 

nitrogen-gathering  status 22 

seed 22, 23, 33, 34 

use  as  green-manure  crop 15, 20-23, 27, 35 
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Fertdlizen,  commercial,  use  with  green  manuring 15 

Field  peas,  Canada.    See  Peas,  Canada  field. 

Fresno  County,  Cal.,  area  in  northern  citrus  district 8 

Frosts,  danger  to  green-manure  crops &,  17 

Green-manure  crops.    See  Crops,  green  manure. 

Gummosis,  citrus  disease,  remedy  by  green  manuring 25 

Hairy  vetch.    See  Vetch,  hairy. 

Harrow,  disk,  use  with  green-manure  crop 11, 12 

Horse  beans.    Su  Beans,  horse. 
Indian  melilot.    See  Melilot,  Indian. 

Inoculation,  use  in  green  manuring 14-15,31, 35 

Insects,  injurious,  harbored  in  green-manure  crops 22 

Introduction  to  bulletin 7 

Irrigation,  use  with  green-manure  crops 8, 9-10, 12, 17, 23,27, 34 

Land,  preparation,  green  manuring  in  southern  California 11-12 

Lathyrus  sativus,  comparison  as  green-manure  crop 27 

tingitanus.    See  Pea,  Tangier. 
L^^umes,  seed  production  at  Chico,  Cal.,  table 33 

use  as  green-manure  crops 11, 13, 25, 27, 33 

Lemon,  orchard  conditions  unfavorable  to  green  manuring , 10 

Lemoncove,  Cal.,  relation  to  northern  citrus  district 8 

Malva  rotundifolia,  yield  of  green  manure 27 

Manure,  green,  use  in  California 10-35 

stable,  usefulness  on  heavy  soil 10 

Medicago  arabica.    See  Clover,  bur. 

hispida  denticulata.    See  Clover,  bur. 

Melilot,  Indian,  use  as  a  green-manure  crop 15, 24 

Melilotus  indica.    See  Melilot,  Indian. 

Mildew,  damage  to  green-manure  crops 18 

Nitrogen  gathering.    See  Nodules. 

Nodules,  occurrence,  on  roots  of  nitrogen-gathering  plants. .  16, 19, 22, 28, 29, 30, 31, 32 

Northern  citrus  section.    See  Orchards,  citrus. 

Orange  County,  Cal.,  fenugreek  as  green-manure  crop 21, 23 

green-manure  crops,  results  in  orchards 27 

Orchards,  California,  increasing  use  of  green  manure 25 

citrus,  green-manure  crops 7, 34 

southern  section 8-9, 11-15, 34 

deciduous,  bur  clover  as  green  manure 19, 35 

California,  discussion .' 9-10,34 

geographic  districts,  California 8-10 

walnut,  southern  California,  green-manuiing  methods 11-15 

Oroville,  Cal.,  center  of  citrus  fruit-growing  area 8 

Palermo,  Cal.,  center  of  citrus  fruit-growing  area 8 

Pea,  Canada  field,  use  as  green-manure  crop 7,16,17-19,34 

field,  comparison  as  green-manure  crop 26, 27, 34 

seed,  prices 33 

time  and  rate  of  seeding  for  green  manure 18-W 

Tangier,  nitrogen-gathering  status 32 

use  as  green-manure  crop 27, 32,  S3, 35 

Pin-grass,  synonym  of  alfilaria 7 

Plant  food,  availability,  remarks 15 

lice.    See  Aphids, 
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Vicia  atropurpurea.    See  Vetch,  black  purple. 

dasycarpa.    8u  Vetch,  woolly  podded. 

ervilia.    See  Vetch,  black  bitter. 

faba.    See  Bean,  horse. 

Bativa,  use  as  green-manure  crop 1&-17 

villosa.    See  Vetch,  hairy. 
Walnut  orchards.    See  Orchards,  walnut. 
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Weeds,  use  in  green  manuring 7 
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relation  to  vetch  and  peas  for  green  manuring 34 

Worm,  army,  harbored  in  green-manure  crops 22 
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THE  VALUE   OF  FIRST"  GENERATION 
HYBRIDS  IN  CORN. 


INTBODUCIION. 

The  use  of  first^gcneration  hybrids  offers  one  of  the  most  promisii^ 
methods  of  increasing  the  yield  of  com,  Tlie  evidence  that  crossii^ 
can  in  general  bo  relied  upon  to  give  an  iiiiniediate  increase  of  vigor 
and  proiluctiveness  appears  conclusive,  yet  the  practice  seems  never 
to  have  been  applied  un  a  commercial  scaJe.  The  plan  of  utilizing 
first-generation  hybrids  involves  the  making  of  the  cross  anew  each 
year,  and  this  is  readily  feasible  with  com.  ilany  efforts  have  been 
ma^le  to  develop  hybrid  varieties,  but  the  increased  vigor  and  pro- 
ductiveness that  result  from  hybridization  appear  to  be  confined 
lai^Iy  to  the  first  generation  and  to  disappear  gradually  in  later 
generations. 

The  present  paper  reports  experiments  with  a  series  of  firatr 
station  hybrids  between  widely  different  tj-pesof  corn  and  brings 
^Mier  the  results  of  previous  experiments.  Investigations  that 
jit  the  placing  of  confidence  in  this  metliod  of  increasing  the 
i  of  1.0m  are  scattered  over  a  long  ])eriod  of  yeare,  and  most  of 
;  appear  to  have  been  mmie  in  ignorance  of  similar  work  pce- 
ly  reported.  Individual  experiments  taken  alone  have  not 
made  it  perfectly  clear  that  the  results  were  not  accidental,  but  the 
i  assembled  evidence  forces  the  conclusion  that  the  increases  secured 
m  the  first  generation  by  crossing  varieties  can  be  made  a  factor  of 
production  comparable  in  importance  to  breeding. 

It  was  indicated  more   than   three  deca<les  ago   that  seed  pro- 
duced by  crossing  two  varieties  of  c{irn  coulii  be  relied  upon  to  ])ro- 
duce  larger  crops  than  the  parents,  and  that  tliis  increase  was  to  a 
great  extent  lost  in  following  generations. 
At  about  the  time  when  it  was  discovered  that  an  increase  in  yield 
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iprovement  of 
c  methods  of 
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It  was  natural  that  investigators  should  follow  out  what  appeared 
to  be  the  more  logical  and  scientific  method.  The  fact  that  vields 
could  be  materially  increased  by  simply  crossing  two  varieties  vas 
lost  sight  of.  Great  strides  have  been  made  in  the  knowledge  and 
possibilities  of  com  improvement  by  selection,  but  until  the  past 
few  years  the  possibility  of  utilizing  the  vigor  of  first-generation 
hybrids  of  com  has  remained  almost  exactly  where  it  was  left  by  the 
pioneer  experimenters. 

PBCULIAB  HABITS  OF  THE  OOKN  PU^HT. 

Even  after  the  increased  vigor  of  first^generation  hybrids  becasie 
recognized  as  a  general  principle  it  was  not  appreciated  that  the 
peculiar  habits  of  the  com  plant  made  its  commercial  application 
to  this  crop  entirel}"^  feasible.  Com  is  peculiar  among  the  important 
crop  plants  in  being  wind-pollinated  and  in  having  the  male  and 
female  flowers  on  widely  separated  parts  of  the  plant.  This  com- 
bination of  characters  permits  the  production  of  crossed  seed  in 
large  quantities  by  the  simple  expedient  of  planting  two  varieties 
together  and  removing  the  tassels  from  the  plants  of  one  variety, 
which  will  then  produce  only  hybrid  seed.  The  importance  of  this 
fundamental  difference  between  the  flowering  habits  of  com  and 
those  of  other  crops  has  not  been  suflSciently  appreciated.  Systems 
of  breeding  developed  for  other  plants  have  been  applied  to  com, 
diverting  attention  from  this  more  simple  method  of  improvement 
made  possible  by  the  peculiar  habits  of  the  plant.  The  use  of  first- 
generation  hybrids  will  doubtless  be  found  applicable  to  other  crops, 
but  in  few  will  its  utilization  be  so  easily  accomplished  as  with  com 

FIBST-GENEBATION  HYBBEDS  CONFUSED  WITH  HTBBID 

VABEBTDSS. 

The  utilization  of  crossing  as  a  means  of  securing  increased  rields 
was  further  retarded  by  the  failure  to  realize  that  the  high  performance 
of  the  generation  immediately  following  a  cross  is  not  maintained  in 
subsequent  generations.  Much  effort  has  been  expended  in  attemptr 
ing  to  establish  hybrid  varieties,  overlooking  the  possibilities  of  the 
direct  use  of  hybrid  seed  of  the  first  generation.  The  fact  that  few 
of  the  hybrid  varieties  have  been  found  to  have  permanent  value 
should  not  prevent  the  appreciation  of  the  vigor  that  inunediately 
follows  the  crossing. 

Until  recently  hybrids  were  usually  made  by  hand-pollination  and 
the  quantity  of  first-generation  seed  was  necessarily  small.  That 
the  plants  from  this  seed  were  especially  vigorous  and  productive 
aroused  the  hope  that  a  happy  combination  of  varieties  had  been 
discovered,  and  attention  was  at  once  centered  on  the  increase  of  the 
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;ock  and  its  further  improvement.  In  the  succeeding  generatic 
LYersity  appeared  and  before  the  desired  uniformity  could  agi 
B  secured  through  selection  the  increased  vigor  resulting  from  t 
roesing  had  disappeared. 

VIOOB  OF  HYBBIDS  A  FACTOB  OF  PBODUCTIOK. 

Comparatively  few  recent  experiments  with  a  direct  bearing  < 
be  value  of  first-generation  hybrids  have  been  reported,  but  i 
bat  have  been  made  confirm  the  earlier  results.     Taken  in  connc 
ion  with  the  experiments  to  be  reported  in  the  present  paper  tb 
Btablish  beyond  question  that  the  vigor  of  first-generation  coi 
tybrids  is  a  means  of  securing  increased  production  that  is  capab 
ti  a  very  wide  application.     As  soon  as  the  general  public  becom 
M^quainted  with  such  a  simple  and  inexpensive  means  of  increasii 
he  yield  of  this   most  important  crop,  a  rapid  extension  of  tl 
)ractice  should  follow.     The  great  need  is  for  detailed  informatic 
%garding  the  particular  varietal  combinations  best  adapted  to  tl 
iifferent  local  conditions.     At  present  the  data  are  so  meager  thi 
experiments  must  proceed  empirically,   but   the  lack  of  detaile 
information  should  not  obscure  the  importance  of  the  subject  nc 
stand  in  the  way  of  utilizing  the  results  already  accomplished. 

While  it  would  appear  safe  to  recommend  this  method  to  all  cor 
producers,  the  object  of  the  present  bulletin  is  rather  to  urge  th 
mauguration  of  experiments  in  as  many  parts  of  the  country  a 
possible.     It  is  much  as  though  the  possibilities  of  increased  yield 
through  the  application  of  commercial  fertiUzers  were  still  unappre 
dated  by  the  general  public  and  experiments  to  prove  their  efficac; 
were  being  conducted   in   a  few  isolated   localities.     Indeed,   th< 
utQization  of  first-generation  hybrids  appears  to  have  more  genera 
application  than  the  use  of  commercial  fertilizers,  but  the  need  fo] 
experiments  under  a  wide  range  of  conditions  is  equally  great.    Ai 
in  the  use  of  fertilizers,  conditions  may  perhaps  be  found  where  thi 
increase  from  crossing  will  be  slight  or  none  at  all,  but  even  thii 
result  should  not  detract  from  the  fact  that  under  most  conditions 
the  increases  are  significant. 

WSVUlR  BELIEF  IN  THE  SXTPEBIOBrTT  OF  FIBST-GENEBATION 


Though  the  possibility  of  utilizing  the  vigor  of  first-generation 
hybrids  is  only  beginning  to  be  appreciated  from  the  scientific  stand- 
point, the  increased  yields  that  result  from  crossing  have  probably 
heen  utilized  unconsciously  since  prehistoric  times.  It  is  a  regular 
custom  among  many  native  American  tribes  to  carefully  plant  seeds 
of  diflFerent  varieties  in  each  hill  of  corn.     This  is  done  for  the  purpose 
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of  increasing  the  yield.  Though  the  expected  increase  is  usuaUy 
associated  in  the  minds  of  the  natives  with  superstitious  ideta 
regarding  sexuaUty  in  the  plants,  the  vigor  secured  by  such  crosses 
may  well  have  been  an  important  factor  in  establishing  this  custom 
with  primitive  tribes. 

The  value  of  first-generation  hybrids  is  further  recc^nized  in  a 
widespread  belief  among  practical  seed  growers  that  the  plaDts 
produced  by  accidental  crosses  of  pure  strains  are  often  exceptionailr 
vigorous.  The  following  statement  from  Dr.  W.  W.  Tracy,  who 
has  had  a  wide  experience  in  the  practical  breeding  of  plants  and  in 
commercial  seed  production,  voices  this  beUef : 

The  second  etep  is  the  selection  of  a  few  plants  which  shall  come  as  near  to  the  kM 
as  possible  and  the  saving  of  the  seed  of  each  of  these  separately.  I  reeommend  thii 
instead  of  selecting  the  best  one  because  it  often  happens  that  the  very  best  plant  k  in 
reality  a  crossed  one  which  owes  its  superiority  to  a  cross  of  some  exceptionally  \igar- 
ous  but  otherwise  inferior  plant,  and  this ' '  bar  sinister  '*  will  be  revealed  in  the  inioior 
quality  of  plants  grown  from  its  seed.<^ 

PREVIOUS   EXPERnCBMTS    WITH   FIBST-GENEBATION    HYBBIDS. 

EXPERIMENTS    IN    MICHIGAN. 

That  the  immediate  result  of  crossing  two  varieties  is  to  increase 
the  yield  was  shown  by  definite  experiments  as  early  as  1878  by 
Dr.  W.  J*.  Beal,  of  the  Michigan  Agricultural  Experiment  Statioo. 
The  plan  for  such  experiments  had  been  outlined  two  years  before, 
in  1876,  the  same  year  that  Darwin  published  his  classical  work  on 
self  and  cross  fertiUzation  in  plants,  but  without  knowledge  of 
Darwin's  results.     Doctor  Beal's  first  statement  was  as  follows: 

To  improve  or  infuse  new  vigor  into  varieties  (or  races  I  should  more  properiy  caO 
them)  I  propose  in  case  of  com  and  some  other  seeds  to  get  seeds  from  remote  ptiti 
where  it  has  been  grown  for  some  years,  and  plant  near  each  other  and  mix  them> 

Even  at  this  early  date  Doctor  Beal  appreciated  the  fact  that  the 
benefits  were  largely  confined  to  the  first  generation. 

The  good  results  of  such  crossing  will  last  for  several  yean,  though  most  i^ptrent 
the  first  year,  c 

The  nature  of  the  first  experiment  and  its  relation  to  the  simiUr 
experiments  of  Darwin  are  shown  in  the  following  quotation: 

From  several  different  sources  in  remote  parts  of  our  State  I  obtained  white  dent  can 
and  yellow  dent  com  for  seed.  So  far  as  possible  I  obtained  good  seed  from  men  vfao 
had  raised  the  com  for  ten  or  more  years  in  succession  on  the  same  farm. 

o  Tracy,  W.  W.    Importance  of  Uniformity  of  Varietal  Character  in  Vcgetabh 
Seeds.    Market  Growers'  Journal,  October  30,  1909,  p.  2. 
b  Beal,  W.  J.    Report,  Michigan  Board  of  Agriculture,  1876,  p.  206. 
c  IjOc.  cit. 
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After  a  lapse  of  more  than  thirty  years  it  is  hardly  possible  to 
improve  or  refine  the  method  of  experimentation  as  outlined  by  this 
pioneer.  His  method  of  comparing  yields  by  alternate-row  idantinp 
was  also  more  perfect  than  that  of  his  successors  and  is  again  oomiog 
into  use  as  the  best  that  has  yet  been  devised. 

In  1881  Doctor  Beal  made  another  cross,  between  two  varieties 
from  Oakland  and  Allegan  counties,  respectively,  and  reported  the 
results  of  the  cross  as  follows: 

The  Oakland  County  eeed  com  was  the  better  of  the  two.  Owing  to  an  acridnt 
we  failed  to  raise  any  pure  Allegan  County  seed  in  1881 .  The  '  *  croased  corn  **  me  toAj 
compared  with  pure  Oakland  County  seed  raised  last  year  at  the  college. 

In  the  spring  of  1882,  on  good  soil  in  a  portion  of  the  vegetable  garden,  three  rows  of 
*  Crossed  seed  "  were  planted  in  rows  alternating  with  three  other  rows  of  pure  OtkLuid 
County  seed  of  1881.  By  an  oversight  each  row  of  each  lot  was  not  kept  sepanle. 
The  pure  seed  yielded  57 J  pounds  in  the  ear;  Uie  '* crossed  seed  "  yielded  69}  pounde 
in  the  ear.  In  other  words,  the  crossed  stock  exceeded  the  pure  stock  as  121  exceedi 
100,  nearly .« 

EXPERIMENTS   IN   INDIANA. 

Of  the  five  cooperators  entering  into  the  agreement  with  Doctor 
Beal  to  test  first-generation  hybrids,  Prof.  C.  L.  Ingersoll,  of  Purdue 
University,  seems  to  have  been  the  only  one  who  reported  results. 
In  this  case  it  appears  that  seed  of  the  variety  detasseled  was  not  saved, 
so  that  the  hybrid  was  compared  with  only  the  male  parent.  Since 
in  this  case  the  cross  was  made  between  two  strains  of  the  same 
variety,  this  failure  does  not  entirely  vitiate  the  results.  The  experi- 
ment is  reported  as  follows: 

I  took  com  from  Delaware  County  and  also  from  Switzerland  County,  in  this  State, 
and  planted  as  in  first  year's  directions. 

The  tassels  were  removed  from  the  Delaware  County  com,  so  that  it  was  certainly 
fertilized  by  pollen  from  the  Switzerland  County  corn.  Both  were  a  white  dent 
variety.    The  result  of  corn  raised  was  as  follows: 

Delaware  County  (hybrids),  122  pounds,  27.89  bushels  per  acre. 

Switzerland  County,  63  pounds,  14.40  bushels  per  acre. 

Switzerland  County  (alone),  72  pounds,  16.46  bushels  per  acre. 

These  results,  although  small,  seem  to  show  that  in  this  instance  at  least,  and  vidi 
the  experiment  half  completed,  there  is  a  marked  difference  in  cro(«-fertilized  and 
self-fertilized  corn  when  the  seed  from  the  crossing  is  obtained  from  widely  sept- 
rated  localities  and  is  of  the  same  variety .& 

It  seems  that  the  experiment  was  again  attempted  two  years  lat^r' 
and  hybrid  seed  was  secured,  but  subsequent  reports  of  the  university 
do  not  show  that  the  experiment  was  ever  completed,  Professor 
Ingersoll  having  left  the  institution. 

a  Beal,  W.  J.    Report,  Michigan  Board  of  Agriculture,  1881>2,  p.  136. 
ft  Seventh  Annual  Report  of  Purdue  University  for  1881,  p.  87. 
c  Ninth  Annual  Report  of  Purdue  University  for  1883,  p.  72. 
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experiments  in  maine. 

The  only  reference  by  subsequent  workers  to  Doctor  Beal's  exp< 
nents  so  far  as  we  have  ascertained  is  that  of  Prof.  J.  W.  Sanbom    : 
'eporting  a  similar  experiment  in  Maine. 

Professor  Beal  found  that  outcrossed  corn,  as  the  average  of  two  years  of  trial,  g     i 
IS  131  is  to  100  for  inbred  corn.     I  found  the  same  result,  or  as  252  is  to  179,  i 
'or  fodder  as  490  is  to  350.    The  facts  have  a  deep  significance  to  our  farmers.^ 

EXPERIMENTS   IN   ILLINOIS. 

Nine  years  after  the  work  of  Doctor  Beal  and  apparently  in  ign* 

2Jice  of  his  results,  Mr.  G.  W.  McCluer  reported  the  results  of  a  ser  i 

of  crosses  made  at  the  Illinois  Agricultural  Experiment  Station.     ]  i 

did  not  give  actual  yields,  but  noted  the  average  size  of  the  ear  i 
compared  with  that  of  the  parents  in  18  crosses  comprising  14  diff< 

ent  combinations  of  dent,  pop,  soft,  and  sweet  corn.     In  16  of  the  : 

crosses,  or  12  of  the  14  different  combinations  (2  were  duplicates  ai  : 

2  reciprocals),  the  ears  of  the  first-generation  hybrid  were  larger  th;  : 

an  average  of  the  parents,  and  in  4  of  the  crosses  the  hybrid  ea  i 

were  larger  than  those  of  either  parent.     One  of  the  exceptions  i 

stated  to  have  been  planted  in  an  unfavorable  location.     The  decrea  i 

in  the  other  case  was  4.6  per  cent.     The  average  increase  in  weig!  i 
for  the  whole  series  was  14  per  cent. 

With  respect  to  the  uniformity  of  the  first-generation  hybrid 
McCluer  says: 

During  the  first  growing  deason  the  uniformity  of  the  crossed  platij  was  very  notic  i 
able.  Of  142  plats  planted  with  sweet  com,  pop  com,  and  these  crosses  it  is  safe  i 
say  there  was  as  much  uniformity  in  any  one  of  the  crossed  plats  as  in  any,  and  vei  \ 
much  more  than  was  found  in  most,  of  the  plats  planted  with  pure  varieties.^ 

The  following  year,  1891,  a  number  of  the  ears  from  this  crossbre  : 
com  were  again  planted  and  Mr.  McCluer  says: 

Nearly  all  the  com  grown  a  second  year  from  the  crosses  is  smaller  than  that  gronv  i 
the  first  year,  though  most  of  it  is  yet  larger  than  the  average  size  of  the  parent  van< ! 
Ues.  The  cause  of  this  apparent  decrease  in  size,  as  compared  with  the  previoij 
year,  can  only  be  guessed  at.  It  can  not  be  attributed  to  the  season,  because  thi 
Queen's  Golden-Common  Pearl  pop  com  and  Gold  Coin-Flour  com  crosses  growi 
in  1891  show  as  laige  a  proportionate  increase  in  size  of  ear  as  is  shown  in  ani 
of  the  crosses  grown  in  1890.  There  is  probably  a  strong  natural  tendency  in  th( 
crosses  to  revert  to  the  size  as  well  as  the  form  of  the  parent  types.  This  is  shown  ii 
the  Learning  sweet-corn  crosses,  in  which  the  corn  reverting  to  the  dent  is  large 
than  that  reverting  to  the  sweet  types.  Or  the  loss  of  size  may  be  due  to  a  diminij. 
tion  in  some  way  of  the  vigor  imparted  by  crossing .« 


'^Sanborn,  J.  W.     Indiati  Com.     Agriculture  of  Maine,  Thirty-Third  Annual  Re 
port,  Maine  Board  of  Agriculture,  1889-90,  p.  78. 

*  McCluer,  G.  W.    Corn  Crossing.    Bulletin  21,  Illinois  Agricultural  Experimen 
Station,  1892,  p.  85. 

«0p.  cit.,  p.  96. 
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In  view  of  the  interest  that  attaches  to  these  early  experiment^.. 
Mr.  McCluer's  tabulated  results  are  given  as  follows: 

Table  I. — Results  of  Mr.  G.  W.  McCluer's  ezpaiments  with  com  hybrids  at  the  lUinois 
Agricultural  Experiment  Station]  showing  the  effect  on  the  size  of  ear. 


Cross. 

Weiglit  of  10  ears  of  the  male 
variety. 

Weight  of  10  ears  of  the 
female  variety. 

r*        Average  weight  of  10  ears  of 
ol           the  two  parent  varieties. 

Weight  of   10  ears   grown 
from  crof«  the  first  year. 

Weight  of  10  ears  the  second  year  aft^r  ik 
cross,  ounces. 

White  dent— Queen's  Golden '  81 

i 

34.5 

70 

Ears  like  the  dent  type W 

Ears  like  the  popcorn  type 5iJ 

Queen's  Golden- Wliit*  dent 34.5     81 

57.75 

64 

Ears  like  flint  corn 55 

Ears  like  pop  com  type 47.5 

Blacic  Mexican-Queen's  Golden....,'  3G        34.3 

35.25 

47.5 

Types  not  separated C^* 

Queen's    Golden— Common    Pearl 
pop  corn. 

34.5 

•27.5 

31 

42 

Not  grown  a  second  year. 

Learning — Mammoth 

87.5 

61.5 

74.5 

91 

Com  erown  from  yellow  dent  kemeb  * 
Com  from  white  dent  kemek 90 

Com  from  sweet  kernels '^ 

Leaming— Mammoth 

Learning— Mammoth 

87.5 

01.5 

74.5       82 

Not  grown  a  second  year. 

87.5 

01.5 

74.5 

80. 5     Not  grown  a  second  year. 

46.5 

07 

83 

Corn  from  dent  kernels '*' 

Leaming— Triumph '  87. 5 

Com  froTn  sweet  kernels ** 

1 

1 

Leaming— Eight-rowed j  87. 5 

i 

41 

64. '25 

72 

Com  from  white  dent  kemeb *> 

Com  from  yellow  dent  kemeb 75 

Com  from  sweet  kernels         58 

03 

1 

Gold  Coin — Flour  com 

39 

51 

78 

Has  not  yet  been  grown  a  second  year. 

Black  Mexican-White  dent 

30 

81 

58.5 

51 

From  flint  kemels  of  flinty  ears. ...  53 

From  flint  kemels  of  sweet  ears « 

From  sweet  kemels  of  flint  ears —  39 
From  sweet  kernels  of  sweet  ears ...»  3 

57.5 

41 

1 
49.25     47 

From  selected  ears                ^ 

Stowell's — Eiirht-rowed 

From  self-fertilited  ears ® 

From  cross-fertilized  ears  43 

57.6 

46.5. 

1 

From  self-fertilised  seed        31 

52 

52.5 

From  cross-fertilized  ear       ^5 

Stowell's  — Triumoh 

Do.                                *» 

SmwI  f mm  «Alpr>1#iH  f»Aix 54 

Seed  from  self-fertilited  ears > 

57.5 

6L5 

59.5 

01 

Self-fertilised  ear  nlat  88        ^ 

Self-fertilised  ear  olat  76        53 

Stowell's— Mammoth 

From  cross-fertilised  ear,  plat  *..     55 
From  cmKS-fertiiized  ear,  plat 87....  45.5 
Seed  from  selected  ears     55 

Stowell's -G old  Coin 

57.5 

62.5 

GO 

62.5 

From  self-fertilized  cur,  plat  80 ^ 

From  self-fertilited  ear,  plat  90 » 

From  self-ferUlized  car,  plat  91 « 

Seed  from  selected  ears        58 

Seed  from  self-fertilized  ear       ^ 

Gold  Coin— Triumph 

02.5 

40.5 

54.5 

58.5 

From  cross-fertilized  ear,  plat  W.. .  -  56 
From  cross-ferUUzed  ear,  pht 92....  50 
Seed  from  selected  ean:           ^ 

(Jold  Coin — P^lirhl-rowed 

62.5 

41 

5L75 

56 

Seed  from  selected  ears      ^ 

( iold  Coin     Ki^ht-rowed 

62.5 

41 

51.75 

58 

Not  grown  a  second  year. 
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In  the  bulletin  mentioned  the  practical  possibilities  of  this  method 
of  increasing  yields  were  indicated,  as  foDows: 

The  fact  that  increased  yields  can  be  obtained  by  croesing  two  varieties  is  pretty 
certainly  established ,  and  a  few  farmers  are  changing  their  practice  accordingly.  This 
is  quite  easily  done  by  planting  in  one  row  one  variety  and  in  the  next  another  variety, 
and  removing  the  tassels  of  the  one  as  soon  as  they  appear.  The  ears  forming  on  the 
rows  having  the  tassels  removed  will  be  fertilized  with  pollen  from  the  other  rows,  th« 
producing  a  direct  cross  between  the  two  varieties.  The  seed  should  be  selected  froiB 
the  rows  having  the  tassels  removed,  and  the  experiments  indicate  that  it  will  pretty 
certainly  give  a  larger  yield  than  the  average  of  the  parent  varieties  wh«i  planted 
tmder  like  conditions.^ 

The  above  quotation  indicates  that  the  authors  considered  the  prin- 
ciple as  established  and  worthy  of  practical  application.  No  expla- 
nation has  been  offered  why  the  matter  was  again  allowed  to  rest  at 
this  point,  but  so  far  as  can  be  learned  no  one  has  since  practiced  the 
growing  of  first-generation  hybrids  on  a  commercial  scale. 

In  1893  four  additional  crosses  were  planted,  three  of  the  four  giving 
increases  over  the  average  of  the  parents,  the  average  increase  being 
9.5  bushels,  or  7.7  per  cent.     The  results  are  shown  in  Table  HI.* 

Table  III. — Results  of  experiments  by  Morrow  and  Gardner  with  com  hybrida  at  the  Illi- 
nois Agricullural  Experiment  Station  in  189S. 


Variety. 


Ylddper 


Number 
ofeus. 


Champion  White  Pearl. 
Burr's  White 


Air-dry 
oom. 


7.680 

lo.aoo 


37.S 


Averase. _     _ 

Champion  White  Peari— Burr's  WhiteCross !|       l\im  \ 

Learning  (average  4  plats) 

Burr'sWhlte 


A  verase. 

Leamlng— ijmr's  White  ciross. 


Edmonds 

Murdock  (average  4  plats). 


Average 

Edmonds— Murdock  Gross. 


Edmonds 

Burr's  White. 


Average... 
Edmonds- 


Burr's  White  Cross. 


8.  MO 
7,0» 

8.07C 
10.2Q0 

38 
2&4 

34.6 
38L6 

9.135 
9,480 

4L7 

7,740 
g.flOD 

28.3 
3&7 

8.670 
9.810 

32 
4L4 

7,740 
10,200 

2&3 
3&6 

8.970 
9.360 

33.S 

37.8 

The  fluctuations  in  the  yields  of  the  different  varieties  and  crosses 
in  this  experiment  are  so  wide  that  little  confidence  can  be  placed  in 


a  Morrow,  G.  E.,  and  Gardner,  F.  D.,  loc.  cit. 
ft  Morrow,  G.  E.,  and  Gardner,  F.  D.    Experiments  with  Com. 
Agricultural  Experiment  Station,  pp.  359-360. 
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suits.    The  omission  of  single  members  from  the  series  wo 
laterially  change  the  average.     The  lack  of  uniformity  in  the  coi 
ons  is  indicated  by  the  great  disparity  between  the  yields  of  duplic    i 
Bxieties  in  this  experiment,  which  ranged  as  high  as  15  bushels 

EXPERIMENTS   IN    NEW   YORK. 

After  a  further  lapse   of  fifteen   years,    the   subject  was   ag    : 
pproached  from  a  somewhat  different  direction  by  Dr.  G.  H.  Shi 
f  the  Carnegie  Biological  Laboratory  at  Cold  Spring  Harbor,  N. 
d  his  first  paper  he  suggests  the  possible  use  of  first^enerati 
ybrids  in  the  following  statement: 

The  problem  of  getting  the  seed  com  that  shall  produce  the  record  crop,  or  wh  I 

lall  have  any  specific  desirable  ^characteristic  combined  with  the  greatest  vigor,  n  ; 
oesibly  find  a  solution,  at  least  in  certain  cases,  similar  to  that  reached  by  Mr.  Q 

imp>9on  in  the  breeding  of  hogs  by  the  combination  of  two  strains  which  are  onl>  i 

le  highest  quality  in  the  first  generation,  thus  making  it  necessary  to  go  back  &  I 

ear  to  the  original  combination,  instead  of  selecting  from  among  the  hybrid  offspr  \ 
le  stock  for  continued  breeding.^ 

The  following  year  Doctor  ShuU  stated  his  views  in  greater  det 
nd  reported  on  the  result  of  crossing  two  closely  related  strain 
before  these  results  can  be  properly  appreciated  it  will  be  necessa  \ 
o  briefly  consider  the  problem  from  Shull's  standpoint.     It  is  co 
idered  that  even  the  most  nearly  uniform  varieties  of  com  consist 
kumerous  strains,  "elementary  species''  or  ''biotypes,"  all  more 
ess    mixed    and    hybridized.     To    this    miscellaneous    hybridizii  ; 
)octor  ShuU  attributes  the  vigor  and  fertihty  of   a  variety.     Tl  i 
nethod  he  suggests  for  the  improvement  of  com  is  to  isolate  tl  i 
lifferent  strains  and  by  making  predetermined  combinations  1 : 
ascertain  which  will  be  the  most  favorable  for  agricultural  purpose 
[t  is  fully  recognized  that  isolating  the  pure  strains  or  biotypes  wi 
rery  greatly  reduce  their  vigor  and  yield,  but  by  making  a  combini 
ion  of  the  proper  strains  it  is  believed  that  the  degree  of  fertility  ( 
the  cross  wiU  reach  that  of  the  most  productive  plants  in  the  origini 
nixed  strain  and  that  an  increase  of  the  total  yield  can  be  obtaine 
m  this  way. 

Two  self-fertilized  strains  which  were  separated  from  a  commo: 
Jtock  in  1904  and  continuously  self-fertiUzed  since  that  time  wen 
reciprocally  crossed  in  1907.  In  1908  the  yields  of  these  reciproca 
crosses  were  compared  with  each  other,  with  the  self-fertihzed  parents 

<^  Morrow,  G.  E.,  and  Gardner,  F.  D.,  op.  cit.,  p.  338. 

^  Shull,  G.  H.    The  Compoeition  of  a  Field  of  Com.     Report,  American  Breeders 
AaHxnation,  vol.  4,  1908,  p.  300. 

« Shull,  G.  H.    A  Pure  Line  Method  in  Com  Breeding.    Report,  American  Breeders 
Anociation,  vol.  5,  1909,  p.  51. 
191 


18  VALUE   OF  FIKST-GENERATION   HYBRIDS  IN   CORN. 

and  with  crossbred  stocks  of  the  original  variety.  Reduced  to  boshefa 
per  acre  and  placed  in  tabular  form,  the  yields  reported  by  Shull  were 
as  follows: 

Strain  A,  eelf-fertilized 23. 5  bushels. 

Strain  B,  self-fertilized 25. 0  bushela  (estimated). 

AXB 74.4buahelB. 

BXA 78. 6  buahels. 

General  average  of  croeebred  stock 75. 0  bushels. 

From  Doctor  Shull's  standpoint  the  important  point  in  the  above 
comparison  is  the  increase  of  1.5  bushels  per  acre  which  the  average 
of  the  crossed  pure  strains  shows  over  the  average  of  the  cross-pollinated 
original  stocky  an  increase  of  2  per  cent. 

At  the  same  time  a  comparison  was  also  made  between  the  yield  of 
self  and  cross  pollinated  ears  of  the  same  isolated  strain.  The  yield 
from  the  cross-pollinated  seed  was  30  per  cent  greater  than  that  from 
the  self-pollinated  ear.  As  an  instance  of  the  increased  vigor  of  the 
first-generation  hybrid  this  example  is  of  interest,  since  it  indicates 
that  an  increase  in  yield  follows  the  crossing  of  even  the  most  dosdr 
related  plants. 

To  many  producers  of  com  it  will  appear  hardly  practicable  to 
apply  this  system  on  a  commercial  scale.  Neither  does  it  appear 
reasonable  on  theoretical  grounds  to  look  on  these  anomalous  self- 
fertiUzed  strains  as  representing  the  natural  condition.  It  would 
seem  that  even  the  most  advantageous  combinations  might  be  found 
without  reducing  the  varieties  to  the  verge  of  extinction  before  the 
cross  is  made. 

But  no  method  of  investigation  should  be  rejected  for  purely  theo- 
retical reasons.  Until  other  experimental  data  are  available  the 
effect  of  previous  breeding  upon  the  vigor  of  the  hybrids  must  remain 
an  open  question.  The  importance  of  the  subject  demands  that  all 
the  phases  shall  be  considered,  and  those  who  hold  to  the  conception 
of  "biotypes^'  and  *'pure  germ  cells"  will  do  well  to  experiment 
along  the  lines  suggested  by  Doctor  Shull. 

EXPERIMENTS   IN   CONNECTICUT. 

A  more  extensive  series  of  crosses  was  made  by  Dr.  E.  M.  East  at 
the  Connecticut  Agricultural  Experiment  Station.  His  results  are 
stated  as  foUows: 

The  Fi  generation  of  30  maize  crosses  were  grown  in  1908  on  well  fertilised  land  in 
Connecticut.  They  were  planted  3  feet  6  inches  each  way,  about  four  stalks  to  the 
hill.  Seeds  from  the  same  parent  ears^*  which  were  used  to  make  the  crosses  were 
also  grown  for  comparison.  Only  50  hills  of  each  of  the  crosses  and  of  each  parent 
could  be  grown  on  account  of  limited  space,  but  the  soil  conditions  were  such  that  a 

o'^The  parent  ears  were,  therefore,  one  year  older,  but  their  germination  was  good, 
and  their  growth  equal  to  inbred  seed  of  the  same  ages  as  the  hybrid  seed." 
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two  inbred  strains  which  without  crossing  were  among  those  which 
gave  the  lowest  yields  of  any  represented  in  the  experiment. 
Regarding  other  crosses^  Doctor  East  states: 

In  the  remainder  of  the  field  every  possible  combination  of  dent,  flint,  and  sveet 
maize  was  grown,  and  in  every  case  an  increase  in  vigor  over  the  parents  was  shovn 
by  the  crosses.  It  is  to  be  regretted  that  comparable  yields  could  not  be  obtained 
in  every  instance,  but,  as  a  matter  of  fact,  the  differences  were  so  apparent  to  the 
eye  that  it  is  almost  unnecessary.  The  figures  presented  do  not  show  the  avenge 
increase  to  be  expected  by  a  cross.  The  manuring  was  heavy,  the  cultivation  inten- 
sive, and  the  yields  were  beyond  the  ordinary.  But  they  do  show  that  in  pmcticnily 
every  case  a  combination  of  two  high-bred  varieties  of  seed  com  is  more  vigocous 
than  either  parent. a 

A  NBW  SERIES  OF  HYBRIDS  BETWEEN  DIVERSE  TTPSa 

The  crosses  thus  far  considered  have  in  all  cases  been  between 
strains  that  are  comparatively  closely  related.  The  most  violent 
crosses  are  among  those  reported  by  McCluer  where  varieties  of 
sweet  and  dent,  pop  and  dent,  and  sweet  and  pop  corns  were  included. 
The  diversity  between  these  types  may  seem  considerable,  repres«it- 
ing  as  they  do  the  extremes  of  the  types  now  cultivated  in  the  United 
States,  but  looked  at  botanically  these  varieties  appear  closely 
related  when  compared  with  the  very  diverse  types  that  exist  in  the 
Tropics. 

Over  the  whole  of  the  United  States  the  interchange  of  seed  has 
been  so  extensive  and  the  culture  is  so  nearly  continuous  that  aD 
characters  are  to  a  great  extent  shared  by  the  whole  series  of  varie- 
ties, even  the  most  divei^ent  types  being  distinguished  by  charac- 
ters that  differ  in  degree  rather  than  in  kind.  Even  before  the  advent 
of  the  white  man  the  nomadic  tendencies  of  the  North  American 
Indians  must  have  operated  against  any  complete  isolation  of  types. 

The  sedentary  habits  of  the  Indians  of  tropical  America  are  in 
strong  contrast  with  those  of  the  more  northern  tribes,  and  together 
with  the  great  diversity  of  natural  conditions  have  operated  to 
produce  an  enormous  number  of  very  distinct  types,  showing  numer- 
ous specialized  adaptations  to  different  conditions,  the  agricultural 
significance  of  which  is  only  beginning  to  be  appreciated. 

As  an  instance  of  one  of  these  divergent  groups  there  may  be  men- 
tioned a  type  of  com  cultivated  in  parts  of  the  lower  plateau  d 
Mexico  in  a  region  that  receives  such  scanty  rainfall  that  similar 
regions  in  this  country  would  be  thought  entirely  unsuited  for  com 
growing.  This  com  is  so  different  from  the  types  with  which  we  are 
familiar  that  it  was  given  specific  rank  by  Bonafous  and  named 
Zea  hirta.^    The  leaf  sheaths  are  densely  covered  with  long  hairs 

a  Op.  cit.,  pp.  179-180. 

&  Bonafous,  M.    Annales  des  Sciences  Naturelles,  vol.  17,  1829,  p.  156. 
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borne  on  tubercles,  the  leaves  are  few  and  very  long  and  slen 
the  tassel  is  frequently  unbranched,  the  spikelets  are  m  group 
four  or  more  mstead  of  two,  and  the  clusters  are  opposite  each  o 
instead  of  alternate.  Even  the  root  system  is  distinct  from  tha 
any  of  the  common  varieties  of  the  United  States,  being  spread 
near  the  surface  of  the  ground  where  the  only  available  water  i 
be  secured  in  the  regions  where  this  type  is  native.  Many  varii 
inside  this  type  differ  among  themselves  much  as  the  classes  of  f 
dent,  and  pop  corns  differ  from  each  other.  In  fact,  a  closely  sin 
series  exists  in  this  tropical  type,  there  being  varieties  which  juc 
by  the  ears,  would  be  classed  as  flint  and  others  as  pop  and  dent  co 
While  this  type  is  one  of  the  most  distinct,  many  other  trop 
forms  possess  characters  and  habits  that  are  entirely  absent  or  < 
faintly  indicated  in  United  States  varieties.  Peculiarities  of  o 
tropical  types  will  be  mentioned  in  connection  with  the  diffej 
crosses  that  are  about  to  be  described. 

With  a  view  to  securing  types  adapted  to  sections  of  the  coui 
where  United  States  varieties  are  unsuccessful,  a  considerable  sc 
of  tropical  types  and  varieties  has  been  brought  together.     In 
season  of  1908  about  75  crosses  were  made  among  these  trop 
varieties,  and  also  between  them  and  several  United  States  variei 
A  number  of  these  hybrids  were  grown  in  the  summer  of  1901 
Lanham,  Md.,  a  few  miles  from  Washington,  D.  C.     The  pai 
varieties  of  16  of  these  crosses  were  included  in  the  plat  and  t 
behavior  noted  in  comparison  with  the  crosses.     The  experimi 
was  considered  as  merely  preUminary   and   but  16  hills  of    ei 
variety  were  grown.     While  this  number  is  altogether  too  small  tc 
conclusive  as  a  comparison  6t  the  values  of  the  different  cros 
the  results  as  a  whole  are  very  significant  as  an  illustration  of 
general  value  of  first-generation  hybrids.     It  becomes  evident  tl 
the  increase  in  vigor  that  earlier  experiments  have  proved  to  be 
rule  with  crosses  of  more  or  less  closely  related  strains  has  also  a  vi 
wide  application  among  even  the  most  primitive,  unselected,  v, 
diverse  types  of  com.     Iir  14  of  the  16  crosses  the  yield  excee- 
the  average  of  the  parents.     In  12  cases  it  exceeded  the  yield  of  eit 
parent,  the  average  increase  for  the  whole  series  being  about  53 
cent. 

In  the  following  brief  account  of  the  hybrids  and  their  parei 
the  descriptions  will  for  the  most  part  be  confined  to  the  usuji 
recorded  characters  of  height,  yield,  and  character  of  the  ear,  wli 
data  are  sufficient  to  make  the  results  of  this  e;xperiment  compare 
with  those  previously  reported.  Detailed  observations  of  the  behaA 
of  the  parental  characters  in  these  and  other  hybrid  combinatii 
have  been  made,  but  are  not  needed  for  the  purpose  of  this  rep( 
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Abnormalities  will  be  briefly  noted  as  a  possible  indication  of  the 
violence  of  the  cross. 

HYBRID  AH  3,  MARYLAND  DENT  BY  HOFI. 

Female  parent. — An  unselected  white  dent  grown  in  Maryland 
The  particular  plant  used  as  the  female  parent  was  grown  from  the 
seed  of  a  red  ear.  This  proved  to  be  the  most  prolific  of  the  uncrossed 
strains;  perhaps  on  account  of  its  being  the  only  locally  grown  variety 
in  the  experiment.  No  abnormaUties  were  discovered  in  any  part 
of  the  plant  or  in  the  ears.  Average  height,  6  feet  10  inches.  The 
16  plants  grown  produced  21  ears  and  2  nubbins,  weighing  19 
pounds. 

Male  parent, — ^A  variety  grown  by  the  Hopi  Indians  of  Arizona- 
The  most  striking  characteristics  of  the  type  are  the  very  large  male 
spikelets  and  enormous  ear  stalks.  The  color  of  the  particular  ear 
used  in  making  the  cross  was  a  slaty  blue.  No  abnormalities 
appeared  in  the  plants  grown  in  this  experiment,  though  in  Kansas 
this  strain  produced  a  number  of  ears  with  inverted  grains,  the 
embryo  on  the  lower  side,  toward  the  base  of  the  ear,  and  also  a 
number  of  grains  with  double  germs.  Average  height,  8  feet  10 
inches.  The  27  plants  grown  produced  21  ears  and  2  nubbins,  weigh- 
ing 20  pounds. 

Hybrid. — In  spite  of  the  fact  that  both  of  the  parents  yield  pollen 
very  abundantly,  6  of  the  16  hybrid  plants  failed  to  produce  pollen. 
No  other  abnormalities  were  observed.  The  plants  were  rather 
diverse,  some  resembling  one  parent  and  some  the  other.  The  ears, 
however,  were  as  uniform  as  those  of  either  paj^ent  and  partook  of 
the  characters  of  both.  Average  height,  7  feet.  The  16  plants 
grown  produced  21  ears  and  2  nubbins,  weighing  20.1  pounds." 

HYBRID  AH  4,  TUSCABORA   BY  CINQUANTINO- 

Female  parent. — ^An  8-rowed  soft  variety,  grown  by  the  Tuscarora 
Indians  of  New  York.  The  variety  is  early  and  suckers  profusely, 
many  of  the  suckers  terminating  in  ears.  Average  height,  5  feet  8 
inches.  The  16  plants  grown  produced  14  ears  and  10  nubbios, 
weighing  8.5  poimds. 

Male  parent. — ^A  variety  imported  from  Hungary  under  the  name 
Pignoletto.  A  very  small  seeded,  many-rowed  type  that  would  be 
classed  as  a  pop,  though  unUke  any  of  the  American  varieties  of  pop 
corn.  This  class  of  com  is  known  to  the  trade  as  "Cinquantino." 
The  variety  is  small,  without  suckers,  and  very  early.     No  abnor- 

a  The  yields  of  the  hybrids  and  the  parent  varieties,  reduced  to  pounds  per  plaatv 
are  brought  together  for  comparison  in  Table  IV,  p.  29. 
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n  all  ties.     Average  height,  4  feet  4  inches.     The  14  plants  gro 
3ro<iuced  14  ears  and  1  nubbin,  weighing  3.3  pounds. 

Hybrid. — Plants  and  ears  intermediate.  No  abnormalit 
^Lverage  height,  6  feet  7  inches.  The  15  plants  grown  produced 
^ars  and  14  nubbins,  weighing  11.3  pounds. 

HYBRID  DH    1,   KANSAS  DENT   BY   CHINESE. 

Few4de  parent, — ^A  white  dent  developed  by  Mr.  Elam  Bartho 
mew,  of  Stockton,  Kans.     The  variety  has  never  been  closely  br« 
but  has  been  grown  continuously  for  a  number  of  years  and  kept 
by  selection  of  ears.     No  abnormalities.    Average  height,  7  feet 
inches.     The  29  plants  grown  produced  26  ears  and  4  nubbi 
weighing  28.6  pounds. 

Male  parent, — ^A  variety  of  com  from  China,  with  waxy  en< 
sperm,  leaf  blades  borne  on  one  side  of  the  stalk,  and  silks  p: 
duced  in  the  angle  of  the  leaf  blades.^ 

The  parent  plant  was  grown  from  white  seed  separated  from  1 
imported  mixture  and  had  the  erect  monostichous  leaf  blades  tl 
characterize  this  variety.  The  second-year  plants  from  Americf 
grown  seed  showed  these  characteristics  in  a  much  less  mark 
degree  than  those  grown  from  imported  seed.  No  abnormaliti 
Average  height,  4  feet  7  inches.  The  32  plants  grown  produced 
ears  and  9  nubbins,  weighing  12.4  poimds. 

Hybrid. — In  the  early  stages  the  plants  resembled  the  Chin< 
parent  in  having  erect  monostichous  leaf  blades,  but  this  characi 
was  less  marked  later  in  the  season.  The  plants  remained  dark  grei 
during  a  very  dry  season.  The  only  indication  of  abnormality  w 
the  frequent  production  of  pistillate  flowers  on  the  terminal  infl( 
escences  of  the  suckers.  The  ears  were  intermediate  in  size  a:i 
appearance  and  as  uniform  as  those  of  either  parent.  Average  heigl 
6  feet  9  inches.  The  16  plants  grown  produced  27  ears  and  7  nu 
bins,  weighing  17.5  pounds. 

HYBRm  DH  2,  CHINESE   BY  CHIHUAHUA. 

FemaU  parent. — ^The  same  as  the  male  parent  of  hybrid  Dhl. 

Male  parent. — ^A  starch  variety  from  Chihuahua,  Mexico.    Tl 

variety  is  peculiar  in  having  the  longest  leaf  sheath  at  the  top  of  tl 

plant  and  in  having  the  leaf  sheaths  covered  with  fine  velvety  hail 

•  No  abnormalities.     Average  height,  8  feet  9  inches.     The  14  plan 

grown  produced  13  ears  and  2  nubbins,  weighing  9.7  pounds. 

*ThiB  variety  is  more  fully  described  in  Bulletin  161  of  the  Bureau  of  Plant  Indi 
'  try,  U.  S.  Dept.  of  Agriculture,  1909,  entitled  "A  New  Type  of  Indian  Com  in 
China." 
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Hybrid, — The  plants  of  this  cross  exhibited  greater  diversitv  thaa 
was  shown  in  any  other  cross.  Two  of  the  plants  were  so  exactly 
like  the  female  parent,  both  in  plant  and  ear  characters,  as  to  arouse 
the  suspicion  that  the  precautions,  against  foreign  pollination  had 
been  imperfect  and  that  the  particular  grains  producing  these  plants 
were  self-pollinated.  This  appears  the  more  probable  from  the 
nature  of  the  Chinese  plants,  which  makes  it  especially  difRcult  to 
exclude  pollen  from  the  tips  of  the  silks  that  appear  directly  in  the 
angles  of  the  leaf  blades.  While  the  plants  showed  the  complete  range 
of  the  parental  characters,  the  ears,  with  the  exception  of  those 
noted  above,  were  fairly  uniform.  One  interrupted  ear  was  pro- 
duced; that  is,  a  portion  of  the  ear  near  the  middle  produced  only 
staminate  instead  of  pistillate  flowers.  Average  height,  8  feet  3 
inches.  The  16  plants  grown  produced  25  ears  and  18  nubbins, 
weighing  15.25  pounds. 

HYBRID  DH  3,  HOPI   BY   CHINESE. 

Female  parent. — ^A  plant  from  a  white  seed  of  the  Hopi  variety 
described  as  the  male  parent  of  hybrid  Ah3. 

Male  parent. — White  Chinese.  The  same  as  the  male  parent  of 
hybrid  Dhl. 

Hybrid. — Plants  fairly  uniform,  showing  characters  of  both  pai^ 
ents.  Ears  remarkably  uniform,  more  nearly  resembling  the  female 
parent.  The  only  abnormal  feature  was  the  frequent  exsertion  of 
the  ear  beyond  the  husks.  Average  height,  8  feet  4  inches.  The  16 
plants  grown  produced  28  ears  and  2  nubbins,  weighing  20.4  poimds. 

HYBRID   DH    4,    CHINESE   BY   XUPHA. 

Female  parent. — Plant  from  a  white  seed  of  Chinese  similar  to  the 
male  parent  of  hybrid  Dhl . 

Male  parent. — A  black,  semistarch  variety  from  Salvador.  Xo 
abnormalities.  Average  height,  8  feet  8  inches.  The  14  plants 
grown  produced  21  ears  and  5  nubbins,  weighing  8.8  pounds. 

Hybrid. — The  hybrid  ear  from  which  these  plants  were  grown  was 
poorly  matured.  Plants  and  ears  exhibited  a  number  of  abnonnali* 
ties.  Eight  suckers  and  two  main  stalks  bore  small  ears  at  the  base 
of  the  tassel,  below  which  were  a  number  of  supernumerary  leaves. 
In  two  cases  the  margins  of  the  leaf  sheaths  were  grown  together, 
forming  a  cylinder.  About  half  of  the  ears  produced  staminate 
flowers;  some  were  interrupted  and  many  had  a  long  staminal  portion 
at  the  tip.  Average  height,  7  feet  10  inches.  The  16  plants  grown 
produced  18  ears  and  18  nubbins,  weighing  8.6  pounds. 
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MclU  parent. — ^A  very  tall  variety  from  the  high  mountains  of  the 
western  part  of  Guatemala.  The  ears  are  borne  very  near  the  top  of 
the  plants  and  are  consequently  late  in  maturing.  Although  appar- 
ently an  unproductive  type  the  yield  here  given  is  little  indication  <rf 
what  .the  variety  might  do  if  the  season  permitted  maturing.  The 
cross  was  made  to  test  the  possibihty  of  making  crosses  between 
varieties  that  represented  the  extremes  in  size.  Average  height,  9 
feet  6  inches.  The  15  plants  grown  produced  9  nubbins,  weighing 
1 .5  pounds. 

Hybrid, — ^Plants  intermediate  but  exhibiting  considerable  iir^u- 
larity  in  size.  Ears  averaging  7  inches  long,  fairly  uniform.  The 
principal  abnormality  was  shown  in  the  leaves,  which  were  crumpled 
and  distorted  in  aU  the  plants.  The  color  was  so  dark  as  to  be 
abnormal.  While  this  cross  showed  distinctly  an  increase  in  vigor 
over  that  of  the  parents,  the  yield  of  both  parents  was  so  small  that 
the  amount  of  the  increase  should  not  be  considered.  Average 
height,  6  feet  7  inches.  The  15  plants  grown  produced  16  ears  and 
6  nubbins,  weighing  6.25  pounds." 

HYBRID   KH  31,   BROWNSVILLE   BT  GUATEMALA   RED. 

Female  parent. — ^The  same  as  the  female  parent  of  hybrid  Dh6. 

Male  parent. — ^A  red  flinty-seeded  variety  with  12  to  16  rowed 
ears,  from  the  lowlands  of  Guatemala.  No  abnormaUties.  Average 
height,  8  feet  11  inches.  The  14  plants  grown  produced  6  ears  and 
12  nubbins,  weighing  4.31  pounds. 

Hybrid. — Ears  fairly  uniform.  Plants  and  ears  without  abnor- 
malities. Average  height,  10  feet  2  inches.  The  32  plants  grown 
produced  29  ears  and  10  nubbins,  weighing  15.6  pounds. 

HYBRID   KH   62,   GUATEMALA  RED  BY   SALVADOR  BLACK. 

Female  parent. — The  same  as  the  male  parent  of  hybrid  Kh31. 

Male  parent. — A  black  variety  from  Salvador  not  unlike  the  female 
parent.  Two  plants  of  this  variety  produced  branched  ears.  The 
ear  stalks  also  curved  up  instead  of  down,  so  that  the  ears  crossed 
the  main  stem.  The  15  plants  grown  produced  3  ears  and  12  nubbins, 
weighing  4.1  pounds. 

<iEast  states  ^'I  have  repeatedly  tried  to  cross  Giant  Missouri  Cob  Pipe  maize  (U 
feet  high)  and  Tom  Thumb  pop  maize  (2  feet  high),  but  have  always  failed.  They 
both  cross  readily  with  varieties  intermediate  in  size,  but  are  sterile  between  them- 
selves." (See  East,  E.  M.,  A  Mendelian  Interpretation  of  Variation  that  is  Appa- 
rently Continuous,  The  American  Naturalist,  vol.  44, 1910,  p.  82. 

It  may  also  be  noted  that  this  small  variety  was  successfully  crossed  with  a  luge 
Mexican  dent  whose  average  height  was  11  feet  7  inches.    In  these  experiment?  the 
Giant  Missouri  Cob  Pipe  com  averaged  only  8  feet  4  inches. 
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HYBRID  ICH   16,   ABRIBENO   BY  HAIRY   MEXICAN. 

Ferrude  parent. — Similar  to  the  female  parent  of  Mlil5y  but  a  lai^r 
variety.  Average  height,  9  feet.  The  15  plants  grown  produced  10 
ears  and  7  nubbins,  weighing  5.8  pounds. 

Male  parent. — Same  as  the  male  parent  of  hybrid  Mhl5. 

Hybrid. — Plants  similar  to  hybrid  Mhl5,  but  more  robust  and  uni- 
form. A  striking  characteristic  of  this  cross  was  that  the  leaf  blades, 
though  slightly  shorter,  were  much  broader  than  those  of  either 
parent.  The  fifth  blade  of  the  hybrid  averaged  31.3  by  5.6  inches. 
The  corresponding  blade  of  the  female  parent  averaged  35.4  by  4.1 
and  the  male  31.5  by  4.7  inches.  Average  height,  9  feet.  The  14 
plants  grown  produced  9  ears  and  7  nubbins,  weighing  6.6  pounds. 

HYBRID   MH   17,   HAIRY  MEXICAN  BY  CHINESE. 

Female  parent. — ^The  same  as  the  male  parent  of  hybrid  Mhl5. 

Male  parent. — ^The  same  as  the  male  parent  of  hybrid  Dhl. 

Hybrid. — Plants  and  ears  fairly  uniform.  One  difference  between 
the  parent  strains  is  that  in  the  female  parent  when  more  than  one 
ear  is  produced  at  a  node  the  secondary  ear  is  borne  directly  in  the 
axil  of  the  prophyllum.  The  male  parent  resembles  the  United  States 
varieties  in  having  the  first  secondary  ear  borne  in  the  axil  of  the  first 
husk.  Of  the  hybrid  plants  that  produce  secondary  ears  one-half 
resembled  the  male  and  one-half  the  female  in  this  respect.  The  only 
abnormalities  noted  were  a  tendency  in  a  number  of  plants  to  have  the 
leaves  on  the  upper  part  of  the  plant  crowded  and  one  ear  with  a 
staminate  spike  at  the  tip.  Average  height,  7  feet  4  inches.  The  16 
plants  grown  produced  18  ears  and  4  nubbins,  weighing  9.8  pounds. 

HYBRID  MH  25,  MEXICAN  DENI  BY  TOM  THX7MB. 

Female  parent. — ^A  large  Mexican  variety  with  a  pronounced  tend- 
ency to  produce  large  secondary  ears.  One  interrupted  ear  was  pro- 
duced. Average  height,  11  feet  7  inches.  The  15  plants  grown 
produced  10  ears  and  15  nubbins,  weighing  7.8  pounds. 

Male  parent. — ^The  same  as  the  female  parent  of  hybrid  Gh2. 

Hybrid'. — Plants  resembling  the  female  parent  in  most  particulars. 
About  one-half  the  ears  exceeded  the  husks.  Average  height,  6  feet 
7  inches.  The  16  plants  grown  produced  22  ears  and  13  nubbins, 
weighing  8.6  pounds.  Though  this  cross  woidd  seem  to  have  been 
quite  as  violent  as  6h2^  no  pronounced  abnormalities  were  found. 

7IBLBS  OF  FIBST-aENEBATION  HYB&IDS. 

The  following  table  shows  the  behavior  of  the  16  crosses  and  their 
parents.    The  yields  are  given  as  yield  per  plant  and  were  calculated 
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ExperimentB  by  the  writer  with  primitive  types  croeeed  with  one  another  and  with 
United  States  varieties,  first  reported  in  the  present  paper,  gave  increased  yields  in  14 
out  of  16  cases,  the  average  increase  being  53  per  cent. 

Though  the  average  of  the  yields  of  the  parent  varieties  may  be 
considered  as  a  fair  standard  for  judging  the  increased  yields  of  the 
hybrids  from  the  standpoint  of  heredity,  the  practical  iralue  of 
hybrids  must  be  determined  by  comparing  their  yields  with  those  of 
the  more  productive  parents.  To  secure  evidence  on  this  point  it  will 
be  necessary  to  consider  the  crosses  which  have  been  made  between 
good-yielding  varieties  grown  under  favorable  conditions,  excluding 
those  in  which  there  is  great  disparity  in  the  yields  of  the  parents. 

The  following  table  includes  all  the  crosses  here  reported  in  which 
the  parents  appear  to  have  been  fair-yielding  standard  varieties 
giving  approximately  the  same  yields. 

Table  V. — Increased  yield  of  hybrid  com  over  (he  more  productive  parent. 


BeaHp.  11).    "Varieties  essentially  alike" 

BeaHp.  11).    "Varieties  essentially  alike" 

Beal  (p.  12).    Hybrid  compared  only  with  better  parent 

IngersoU  (p.  12).    Strains  of  the  same  variety 

Morrow  and  Gardner  (p.  15).  Parents  differed  by  2.6  bushels  per  acre. . 
Morrow  and  Gardner  (p.  15).  Parents  differed  by  15.0  bushels  per  acre. 
Morrow  and  Gardner  (p.  15).  Parents  differed  by  8.5  bushels  per  acre. . 
Morrow  and  Gardner  (p.  15).  Parents  differed  by  13.0  bushels  per  acre. 
Morrow  and  Gardner  (p.  15).    Parents  differed  by  5.8  bushels  per  acre. . 
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It  will  be  seen  from  Table  V  that  in  six  of  the  nine  crosses  signifi- 
cant increases  were  obtained  over  the  yield  of  either  parent,  and  two  of 
the  three  exceptions  should,  perhaps,  have  been  excluded,  since  the 
differences  between  the  yields  of  the  parents  were  15  and  13  bushels, 
respectively. 

The  experiments  thus  far  reported  are  too  few  to  warrant  any 
conclusions  regarding  the  nature  of  the  crosses  which  may  be  relied 
upon  to  yield  the  greatest  increase.  It  is  naturally  to  be  expected 
that  the  percentage  of  increase  will  be  greatest  between  low-jrieldmg 
strains,  but  the  greatest  increase  in  bushels  per  acre  may  follow  the 
crossing  of  the  more  highly  developed  strains. 

Probably  none  of  the  crosses  here  considered  were  between  care- 
fully bred  and  locally  adjusted  strains.  What  the  results  of  such 
crosses  will  be  is  yet  to  be  determined.  Since  the  most  carefully 
selected  strains  are  more  or  less  inbred,  a  substantial  increase  would 
be  expected  from  crossing  two  such  unrelated  inbred  strains  unless 
they  have  already  approached  the  limit  of  production  of  the  com 
plant. 
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That  the  utiUzation  of  first-generation  hybrids  will  be  found  of 
special  value  in  the  drier  parts  of  the  country  was  cleariy  indicated 
by  the  behavior  of  the  hybrids  described  in  these  pages. 

The  season  during  which  these  hybrids  were  grown  was  one  of 
exceptional  drought,  affording  an  excellent  opportunity  for  observing 
the  drought-resisting  ability  of  the  different  strains  and  their  hybrids. 
The  rainfall  at  Washington,  D.  C,  for  April,  May,  and  June  was 
slightly  below  the  average,  and  for  July  and  August  it  was  4.07 
inches,  less  than  one-half  the  normal. 

The  series  included  varieties  from  localities  with  such  extremes  of 
cUmate  as  obtain  in  the  plateau  region  of  Mexico  and  the  moist 
Tropics  of  the  lowlands  of  Central  America.  While  the  differences 
between  the  varieties  in  their  abihty  to  withstand  drought  were 
obvious,  the  most  striking  diflFerences  of  this  kind  were  between  the 
hybrids  and  the  pure  strains.  Almost  without  regard  to  the  nature 
of  the  parents  the  hybrids  remained  dark  green  and  vigorous  when 
nearly  all  of  the  pure  strains  were  giving  evidence  of  the  lack  of  mois- 
ture bv  their  curled  leaves  and  yellow  color.  This  ability  to  with- 
stand  drought  inay  have  been  a  factor  in  the  increased  yields  which 
the  hybrids  produced. 

Elxperiments  are  being  made  with  a  series  of  hybrids  in  western 
Kansas  and  the  dry  Southwest  with  the  idea  of  learning  which  crosses 
will  prove  best  suited  to  these  extreme  conditions. 

Experiments  at  the  Virginia  Agricultural  Experiment  Station 
indicate  that  first-generation  hybrids  may  be  found  to  withstand 
excessive  moisture  as  well  as  drought.  While  the  crosses  were 
apparently  undertaken  with  the  idea  of  establishing  hybrid  varieties, 
the  results  so  far  as  reported  apply  only  to  the  first  generation. 

The  native  varieties  that  were  crossed  with  the  western  corns  have  developed  thiee 
or  four  good  strains^  and  out  of  some  350 samples  tested  here  this  year  none  have  stood 
the  wet  season  and  made  as  good  yields  as  the  improved  strains  obtained  by  crossing 
pure-bred  western  com  with  our  best  native  varieties.** 

Associated  with  the  general  increase  in  vigor  in  first-generation 
hybrids  a  certain  measure  of  disease  resistance  may  naturally  be 
expected.  Many  plant  diseases  that  are  unable  to  attack  vigorous 
j)lants  are  able  to  do  serious  damage  to  weaker  varieties  or  to  plants 
tliat  are  weakened  by  adverse  conditions.  The  ability  of  the  hybrids 
to  resist  drought  might  at  the  same  time  protect  them  against  disease. 

In  the  case  of  the  com  smut,  which  was  the  only  disease  that 
affected  any  of  the  experiments,  this  factor  of  disease  resistance  does 
not  appear  to  apply,  for  the  attacks   of   the  smut   do  not  seem  to 

«  Vanatter,  Pharos  O.    Annual  Report,  Virginia  Agricultural  Experiment  Statimi, 
190C,  p.  5"). 
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Careful  seedsmen  who  wish  to  extend  the  range  of  territory  to  which 
they  can  supply  seed  that  will  be  equal  or  superior  to  the  best  locally 
selected  seed  should  be  willing  to  give  careful  consideration  to  the 
posaiiality  of  establishing  regular  suppUes  of  first-generation  h^rid 
seed  for  their  customers.  * 

FntST-QENEBATION  HYBRIDS  IN   SWEET  COBN.        « 

m 
While  the  production  of  sweet  com  is  influenced  by  very  different 

considerations  from  the  production  of  field  com,  the  evidence  at  hand 

indicates  that  the  advantages  of  first-generation  hybrids  apply  to 

sweet  com  with  even  greater  force  than  to  field  com. 

In  sweet  com,  as  with  field  com,  the  yield  is  an  important  item,  and 
the  experimental  data  here  presented  warrant  the  statement  that  the 
yield  can  be  very  materially  increased  by  means  of  first-generation 
hybrids. 

With  sweet  com,  however,  the  yield  is  not  the  only  consideration; 
quality  and  uniformity  are  important  factors  that  must  be  taken 
into  consideration.  As  regards  quality,  the  evidence  indicates  that 
in  most  cases  it  will  be  intermediate  between  that  of  the  parents.  If 
parents  of  good  quality  are  chosen,  the  quality  of  the  hybrid  will  he 
satisfactory.  The  proof  of  this  rests  not  alone  on  the  few  cases 
where  the  quality  of  the  first  generation  of  crosses  of  sweet-com 
varieties  has  been  recorded,  but  on  the  general  fact  that  the  morpho- 
logical characters  of  the  first  generation  of  crosses  in  com  are  almost 
always  intermediate  between  those  of  the  parents.  With  respect  to 
uniformity  it  may  be  said  that  experiments  in  crossing  sweet  varieties 
have  not  been  recorded  in  such  a  way  as  to  give  direct  evidence. 
On  the  other  hand,  experiments  in  the  crossing  of  field  corns  make 
it  certain  that  in  this  class,  with  properly  chosen  varieties,  a  perfectly 
satisfactory  degree  of  uniformity  can  be  secured.  The  first  genera- 
tion of  a  cross  is  usually  quite  as  uniform  as  the  parent  strains,  a 
condition  naturally  to  be  expected  in  view  of  the  general  tendency 
for  all  morphological  characters  to  appear  intermediate  in  the  first 
generation.  Wliile  the  strict  uniformity  required  in  score-card  rat- 
ings may  not  be  assured,  it  is  altogether  probable  that  the  uniformity 
of  size,  color,  shape,  and  time  of  maturing  required  by  the  market 
will  be  fully  met  if  reasonably  uniform  strains  are  selected  as  parents. 

The  important  diflFerences  between  sweet  and  field  com  in  the 
commercial  methods  of  producing  and  handling  seed  are  all  of  a 
nature  to  make  the  application  of  this  principle  more  effective  with 
sweet  corn  than  with  field  corn.  A  much  laiger  percentage  of  sweet- 
corn  than  of  field-corn  growers  buy  their  seed,  a  practice  that  is 
much  to  be  regretted  where  pure  strains  are  used,  since  the  lack  of 
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From  the  standpoint  of  the  investigation  the  failures  of  such 
experiments  are  often  of  even  greater  interest  than  the  successes, 
since  they  may  lead  to  better  understandings  of  tlie  factois  involvecLI 

In  reporting  results  it  would  seem  desirable  to  state  the  facti 
bearing  upon  as  many  of  the  following  points  as  possible: 

(1)  Names  and  descriptions  of  varieties  crossed. — ^While  the  namei 
of  commercial  varieties  are  almost  hopelessly  confused,  some  des^ 
nations  are  necessary  for  purposes  of  reference,  and  if  these  are  accom- 
panied by  careful  descriptions  many  errors  may  be  avoided,  as  weB 
as  a  needless  duplication  of  work. 

(2)  History  of  the  varieties. — ^This  shouhl  be  traced  as  far  back  ai 
j)ossible  to  throw  light  on  the  degree  of  relationship  that  exists  between 
the  varieties  crossed. 

(3)  Sources  of  seed  and  previous  methods  of  breeding. — Import aiil 
differences  may  be  expected  even  where  the  same  varieties  are  used, 
depending  on  whether  the  seed  has  be«n  self-pollinated  or  cross- 
pollinated;  also  whether  it  was  the  result  of  mass  selection  in  tin 
field  or  crib  or  was  derived  from  a  single  ear. 

(4)  Size  of  the  hybridizing  plat  and  the  plats  or  rows  in  which  th 
yields  are  tested. — ^The  ratio  between  the  area  devoted  to  each  varietj 
in  the  breeding  plat  and  that  in  which  the  yield  t^st  of  the  sanK 
variety  is  made  should  be  recorded,  since  it  is  a  measure  of  the  oppop 
tunity  for  selection.  If  the  breeding  or  hybridizing  plat  is  small  it 
proportion  to  the  area  to  be  planted,  it  will  be  necessary  to  save  i 
large  part  of  the  seed  for  planting  and  the  opportunity  for  selectioi 
will  be  correspondingly  small.  The  failure  to  take  this  fact  iiit< 
consideration  is  one  of  the  reasons  why  large  field  plantings  of  pur^ 
bred  varieties  so  frequently  fail  to  meet  expectations  of  high  yield 
indicated  in  the  breeding  plats,  where  a  more  rigid  selection  wti 
practiced. 

(5)  Extent  of  self- pollination  in  the  parent  varieties. — Many  varietiei 
produce  pollen  so  little  in  advance  of  the  silks  that  a  considerabk 
proportion  of  the  seed  is  self-pollinated,  and  this  operates  to  dimini^ 
the  yield  of  the  resulting  plants.  In  such  cases  a  part  of  the  increaa 
that  might  be  ascribed  to  the  crossing  of  two  varieties  would  ii 
reality  be  due  to  the  depressed  yields  of  the  parent  varieties  witi 
which  the  cross  is  compared.  To  determine  the  increase  actualh 
due  to  the  crossing,  seed  from  detasseled  plants  of  the  parent  varie 
ties  should  be  included  in  the  yield  test,  together  with  ordinary  wind 
pollinated  seed  of  the  same  varieties. 

(6)  The  method  by  which  the  yields  are  compared  and  the  precautim 
against  experimental  error. — In  this  connection  it  should  be  borne  ii 
mind  that  large  plats  do  not  insure  greater  accuracy.  The  large 
the  plat  the  greater  the  difficulty  of  obtaining  equal  conditions 
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One  difficulty,  however,  with  this  reciprocal  use  of  male  and  female 
parents  would  arise  unless  the  varieties  agree  in  length  of  season. 
No  difficulty  would  be  experienced  in  securing  perfect  pollination  in  a 
shortr-season  variety  used  as  the  female  parent,  but  if  such  a  variety 
were  expected  to  serve  as  the  male  parent  the  tendency  to  the  eariy 
shedding  of  the  pollen  might  leave  little  or  none  available  for  ferti- 
lizing a  later  variety  used  as  a  female  parent. 

The  following  directions,  which  have  been  sent  out  to  seTeral 
cooperative  experimenters,  give  a  concrete  example  of  one  of  the 
ways  in  which  the  value  of  first-generation  hybrids  may  be  deter- 
mined: 

Experiments  as  outlined  below  involve  the  use  of  two  varieties  and  two  separate 
plats.  Varieties  may  be  designated  as  No.  1  and  No.  2,  the  plats  as  A  and  B.  Tbe 
plats  should  be  sufficiently  separated  to  prevent  cross-pollination  between  them. 

It  should  be  kept  in  mind  that  the  increased  yield  can  be  expected  only  for  the  one 
year  immediately  following  that  in  which  the  cross  is  made. 

Plat  A  is  planted  with  alternate  rows  of  No.  1  and  No.  2.  The  rows  planted  with  No. 
2  are  to  have  all  plants  detasseled.  The  crop  of  No.  1  and  No.  2  is  to  be  saved  sepa- 
rately. 

Plat  B  is  planted  entirely  with  variety  No.  2  and  has  alternate  rows  detasseled. 
The  crop  from  the  tasseled  and  detasseled  rows  is  to  be  saved  separately. 

At  harvesting  there  will  be  The  following  lots  of  seed : 

(1)  Plat  A.  Variety  No.  1,  field-pollinated. 

(2)  Plat  A.  Hybrid  between  No.  1  and  No.  2. 

(3)  Plat  B.  Variety  No.  2,  field-pollinated. 

(4)  Plat  B.  Variety  No.  2,  cross-pollinated. 

The  yields  in  the  year  the  cross  is  made  should  show  the  comparative  value  of  tbe 
two  varieties  and  the  effect,  if  any,  of  detasseling  on  the  immediate  yield. 

A  comparison  of  the  yield  from  these  four  lots  of  seed  the  following  year  should  show 
the  yield  of  the  first-generation  hybrid  as  compared  with  the  pure  varieties  and  to  what 
extent  the  increase,  if  any,  is  due  to  the  elimination  of  self-pollinated  seed. 

If  plat  B  can  not  be  provided,  seed  of  variety  No.  2  should  be  held  for  planting  the 
following  year  in  comparison  with  variety  No.  1  and  the  hybrid  seed. 

If  it  is  considered  important  to  have  the  crop  of  a  uniform  color,  yel- 
low and  white  varieties  should  not  be  crossed,  for  the  grains  will  be  of 
different  colors  in  the  year  following  the  cross.  Crosses  between  dent 
and  flint  or  between  these  and  sweet  com  would  also  result  in  a  lack  of 
uniformity  with  respect  to  the  character  of  the  seed.  That  such  differ- 
ences should  occur  while  the  other  characters  remain  so  nearlv  uni- 
form  may  appear  remarkable,  but  is  explained  by  another  of  the 
peculiar  habits  of  the  com  plant.  Unlike  most  other  plants  the  seeds 
of  corn  show  an  inmiediate  effect  of  pollen  (xenia).®  If  a  white- 
seeded  variety  is  crossed  by  one  with  yellow  or  black  seeds,  the  new 
seeds  that  are  produced  show  the  color  of  the  male  parent. 

»  For  a  discussion  of  xenia,  see  Webber,  H.  J.,  Bulletin  22,  Division  of  Vegetable 
Physiology  and  Pathology,  U.  S.  Dept.  of  Agriculture,  1900. 
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yields  than  the  average  of  the  parents,  the  amount  rangmg  ast  high 
as  95  per  cent.  The  series  includes  experiments  in  six  different  States 
and  embraces  a  wide  range  of  varieties. 

Similar  increases  are  here  reported  in  crosses  between  the  mem- 
bers of  a  new  series  of  types  of  com  from  China,  Africa,  and  the 
American  Tropics,  "very  different  from  United  States  varieties  and 
very  unUke  among  themselves.  These  experiments  show  that  a  very 
wide  application  of  this  principle  is  possible. 

In  addition  to  increased  vields  there  is  reason  to  believe  that  the 
increased. vigor  of  first-generation  hybrids  may  become  an  important 
factor  of  adaptation  to  different  conditions  of  growth.  The  hybrids 
appear  not  to  require  the  delicate  adjustment  to  local  conditions 
necessary  to  the  proper  performance  of  pure  strains.  The  utiliza- 
tion of  hybrids  may  be  expected  to  extend  the  range  of  utility"  of  the 
high-yielding  types  beyond  the  present  range  of  adaptation  of  such 
varieties. 

First-generation  hybrids  are  a  distinct  factor  in  the  problem  of 
securing  varieties  of  com  with  adaptations  that  fit  them  for  special 
conditions.  The  increased  vigor  which  these  hybrids  possess  shouI<i 
make  possible  their  growth  in  regions  where  pure  strains  fail  and 
should  also  provide  some  measure  of  disease  resistance. 

The  advantage  of  crossing  distinct  varieties  is  equally  applicable  to 
the  improvement  of  sweet  com  and  affords  a  measure  of  protection 
to  thos^  discovering  new  and  valuable  combinations. 
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